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The following is an explanation of the terms used in the 
thesis, other than those already defined in the body of the text. 
Run :- This term refers to the data obtained at a point of 
controlled inlet liquid composition, with the submergence and 
temperature difference set at constant values. 
. Submergence :- This is the distance measured from the bottom of 
the heated section: of the tube to the level the liquid would 
-
settle at with reference to the liquid level in the remainder 
of the apparatus, expressed as a percentage of the heated length 
of the tube. 
Fr :-
Nu :-
Re :-
Pr :-
QjA :-
D :-
A :-
V :-
/:J:_ 
1ft :-
h :-
c :-
k :-
g :-
fJT :-
er :-
Froude Number = 
Nusselt Number = 
Reynolds Number = 
Prandtl Number = 
Heat Flux, Btu/~rXft' 
Tube Diameter, ft 
2 Tube Area, ft 
V2/gD 
hD/k 
vnP 
/..A 
CU 
'k 
Linear Velocity, ft/seo. 
Density, lb/ft3 
Viscosity, lb/ft sec 
Film coefficient, Btu/~)(ft~F) 
Specific Heat, Btu/~b~F) 
Thermal Conducti vi ty, Btu/€?XXft? (OF / ft) 
Gravitational constant, ft/sec2 
Temperature difference OF. 
Surface Tension, lb force/ft. 
Subscripts. 
1 :-
v :-
i :-
0 :-
w :-
1, 2 :-
NOl~iENCLATURE 
continued 
Latent Heat of Vapo~isation, Btu/lb. 
Liquid 
Vapour 
Inside 
Outside 
Wall 
Components 1, 2 
ERRATA 
Apologies are made for the following misspelling of 
authors' names cited in this text. 
GUERRIERI 
BENNETT 
should replace Gu~RRI 
should replace BE~~T 
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Sample Calculations 
:Cxpsrim.3nts -were .made to investisate the effects of 
submerGGnce, terLlp3rature difference and oom]osi tion on the 
heat transfer' rates to boiling ViS,tar, isopropyl alcohol 
and their mi::;;:tures. The apparatus used \'.ias a :na tural 
circulation yertical tubs Gvaporator, the tost sGction 
bein(; a copp-:;r t.ube O.485 u I .n., Mul thicknGss 0 .085~? and 
llGated length 47. 75H • T;-'e heating Lledium. was stoal11 con-
tained in an annulus Slu'l'ounCdng the test s'sctiol1. ':Co 
ensure that the i'lholo to st SGcti on VJas useCi. for boiling, 
the liquid v;as il1trodu~uJi:_ to the evaporator at its local 
boiling temporature. 
A"_alysis of ti1<3 resm ts so obtained, hag. indicated 
that ,Nithin experimental limits nucleate boiling becam8 
le ss predominant 1')i '0h incrClasing tompera'01.u'e differonce 
and decreasing submergance, being di splaced by a convecti VG 
type heat transfer uochani sm. T::i s :fact Vjas most clearly 
250 F I and yapoul' weight fractiion 01' 255;, there Vias a sharp 
change from nucloato boilint; to convocti VG heat tranST'3r. 
It VJaS also found that at a va]our VJoight fraction of about 
851&, dry vvall conditions startGd to occur, ~v\)hich coincidod 
vd th a prGdicted Cl'8.Ilge in flOil) reGime from a:;.mular to 
dis]drsed fiOVi. 
The Gff-3ct of composition in tha heat tralsi'ur rates 
VJas to i:ldicat,::; thG apl,Garance of 8. ':!iinimUli.l at 10;:; (v~t) 
and a ma.:;;:iL1UJ11 at about 40-505; h-:c) isopropyl alcohol, after 
vvhich thoro yms a continuous decroase in tha l:.':lat transfar 
vd th incroasing isopropyl alcohol content. The appGaranc·e 
of the so ma:::;:ima and ninima was. more noticeable in the 
regions VJhdr<:~ 111..lC1Gat:) Doiling pr 0 (lorilinft tod. In regions 
'where convGctiv,) heat trallsi'3r vvas .more pro dominant , 
i .0., low subr18rgol1ce 8..11(1/ or high teJil.9Grature 
Ctifferol1cs, 'cllore Vjas Q cor..:tinuous decraase in the 
hent transfer coefficient witt incre~sing isonropy1 ~lcoho1 
content. 
Increasing temnerr.ture difference, ~nd hence higher v~pour 
velocities, caused a drou in the inlet 1iruid r~te for all liquid 
systems t\nd over the entire ro.nge of subm.ergence. The hip-;hest 
flow-rr.te W!iS 1.86 ft/sec. for 'ITa-ter at a temperrtture difference of 
~bout 20°F. and ~ submergence of about lO~fo. ThiR decreasing flow-
rate was shown to be ~ue to the hi~h frictional ~nd velocity hedds 
brought nbout by incrensinp' vapour rates. 
It was observed that \-Tithin the experimentn.l limits the exit 
vapour composition wns lower thdn the vdpour comnosition in equili-
brium with the inlet liauid. In this investi~ntion it WdS found 
tht\.t this discrepn.ncy increased with incre~sing tem'!)ernture 
difference ~nd decre~sinp; submergence. An Qnalytical approach WQS 
developed, which indic~ted th~t these changes were ~ function of the 
exit liquid ond v~pour flowrates. 
CHAPTER' 
INTRODUCTION 
Evaporator techni~ues h~ve h~d in~u8tri~] ~pnlications for 
nearly a cen tury nO\,1 (1), but stilJ much of the deciQ'n for evapora-
tors or reboilers in distill~tion colu~ns is bRsed on empirical 
relationships, ~lhich are usu~11Y ~ener~l and limited in their 
anplication. 
Over the past thirty yeprs ~uch work has been carried out on 
one cOTponent systems (l-?) in vertic~l tube ev~poratorst estab-
lishing many factors governin~ the ouer~tion of this type of 
apparatus. However, BS mentioned previously these investigations 
were carried out on one component systems, whilst industrial apuli-
ances are concerned \<Ti th mul ticomponent systems. Therefore the 
direct application of the results of these investigations would be 
unwise for industrial syste~6. 
Some work has 0een c~rried out on two component systems (8-14) 
but these have been performed usin~ he~ted wires or plates, and were 
therefore concerned with the effects of com~osition on pool boiling. 
This is useful in that it ~ives ~n indicRtion of the ~oints of 
interest, but is not directly ~..,nlic8..ble to heElt transfer in tubes, 
where other heat tr~nsfer mechpnisms ~re also occurring. 
Very little work h~s been cprriec out on heet transfer to 
binary mixtures in ev~por~tor tubes (1~-16) and it hpB left the 
problem far from bein~ defined. 
With this lack of information in mind, it wps decided to investi-
gate the effect of com~osition of p binary miyture on heat transfer 
rates in e. vertic~l tube ev"porptor. Ice~11y ~ point heat 
-1-
transfer investigation would be more useful, but it was felt that a 
stu~ of overall heat transfer rates, would greatly help to define 
the field for later work on point heat transfer rates in binar,y systems. 
On this basis a study of the binar,y system, isopropyl alcohol 
and water was made in a copper tube 0.485" loD. 0.655" O.D., the 
heating length being 47i" and the heating medium, steam contained in 
an annulus surrounding the evaporator tube. The parameters used in 
this stu~ were the temperature difference between the heating medium 
and the evaporating fluid, the submergence of the tube by this fluid, 
and, the inlet composition of the feed to the bottom of the evaporator. 
Particular features of the apparatus were that the feed was 
introduced into the evaporator tube at its saturation temperature -
this had been proved necessar,y in order to obtain consistent data (16) -
the outlet liquid and vapour flowrates were metered, thus giving the 
inlet rate to the evaporator. Also the outlet liquid and vapour 
compositions from the evaporator were measured. This last observation 
was made to determine the extent of rectification occurring in the 
tube. 
In this manner the qualitative effect of submergence, temper-
ature difference and inlet composition on the heat transfer rates, 
inlet liqUid flowrates and exit liquid and vapour compositions, could 
be ascertained. 
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CHAPl'ER 2 
2.1 Introduction 
The prime object o~ the literature survey was to ascertain the 
work performed on heat trans~er to two component systems in a 
vertical tube evaporator, with regard to the e~~ects o~ submergence, 
temperature difference and composition. It soon became obvious 
that ver,y little work had been carried out on this specific topic; 
however, the conclusions and findings o~ experiments conducted with 
one component systems have some value, if only for comparison. Thus 
the work on this topic will be reviewed, along with the work carried 
out on two component heat transfer from electrically heated wires. 
2.2 Heat Trans~er to one Co~ponent-Qyste~s 
Historically, the life o~ the commercial evaporator goes back 
to 1877 when Kestner operated a long tube evaporator. Since this 
date, analysis o~ the phenomena has proceeded. However, it is only 
in the last thirty to ~orty years that the problem has been tackled 
seriously. One o~ the earliest empirical attempts was made by 
Barbet (~3) who endeavoured to explain the mechanisms in an evaporator; 
Kirschbaul!l (24) also worked in this field. 
Both made attempts to study the type of boiling in the tube, 
and the effects brought on by change o~ velocity. They came to the 
~ollowing conclusions regarding the ~low phenomena: 
i) a ver,y short length in which the vapour and liquid were more or 
less uniformly distributed both transversely and longitudinally 
in the tube. 
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ii) a section of slug action in which the transverse distribution 
is uniform but the longitudinal is not, i.e., alternate slugs 
of liquid and vapour. 
iii) a section in which film action occurs with a core of vapour and 
a liquid film of varying thickness inside it. 
Brooks (25) worked on a 20 ft. vertical tube natural circulation 
" evaporator, made of copper, and 1.76 I.D. This was probably the 
first serious attempt at solving the problem. The feed to the 
evaporator was by natural circulation, except that there was a valve 
in the line to ... throttle it; so it was not essentially flow by 
natural circulation. A travelling thermocouple was used to 
determine the axial fluid temperature along the length of the tube. 
The overall temperature difference was then taken as the difference 
between an average of these readings and the steam temperature. The 
thermocouple 
use of the travelling/enabled the point at which boiling started and 
hence the boiling length, to be determined by examining the tempera-
ture profiles. The point of maximum fluid temperature being taken 
as the onset of boiling. One of the important features of this 
investigation was that all calculations were based on this boiling 
length. 
As a result of these investigations, he put forward the following 
correlations: 
where UB = 
i) 
= '! ( J .' Tov) 
u 
overall heat transfer coefficient Btu/~)(ft2)fW 
v = vapour mass rate lb/hr 
- 4- -
w~ = 
:S feed rate Ib/hr 
b. Tov = overall temperature difference of 
and the value of m is an empirical one calculated from the run data by 
m = 
One point of interest which arises from this correlation is that the 
vapour weight fraction is used, although it is not expressed directly 
in this manner. 
Another point is that from the data presented it would appear 
that at constant liquid feed rate and varying bOiling lengths and 
heat fluxes, the shorter the boiling length the higher are the 
overall coefficients based on this length. This would suggest that 
the increased length is being used for a less efficient heating 
process. This would lead to the view that with the increased length 
and heat flux, and hence higher vapour velocities, nucleate boiling 
is being depressed in the higher limits of the tube, and two phase 
convective heat transfer becoming more predominant. This would 
result in a drop in the overall coefficient for the tube. Another 
result of this paper was to verify the observations made by the two 
previously mentioned authors (23, 24) with regard to visual observ-
ations made on the heat transfer mechanisms. 
Boarts (26) worked on a forced circulation evaporator 12 ft. 
long, O. 76"LD., water being the test fluid and steam the heating 
medium. The unit was operated under vacuum, with the vapour head 
temperature varying between 140-212oF. The tube wall temperatures 
were measured at 15" intervals along the surface by thermocouples, 
- 5 -
and the fluid temperature was measured by a travelling thermocouple. 
In most cases they found that the data could be correlated by:-
Nu = 
However, in the runs wh.ere any appreciable boiling took place, the 
coefficients observed were as high as four times the calculated ones. 
However, no attempt to account for this was made. 
In all the previous mentioned cases, the submergence at which 
the units were operated had not been given, or else the use of sub-
mergence as a variable had not been investigated. 
Leniger et al (27) worked on water evaporating in a vertical 
tube natural circulation evaporator; two stainless steel tubes were 
used, one being 1 metre by 18 mm I.D. and the other was 2 metres 
by 47 mm I.D. Overall coefficients were calculated on the basis of 
the overall temperature difference between the steam a~d the evaporator 
head temperature and the total length of the tube. It is not stated 
in the paper at what temperature the feed was introduced to the 
evaporator, but from the general description it would appear that 
this temperature was not controlled, and this could explain the 
variations in the results as the boiling length would va~ from 
run to run, depending upon the flourate. Leniger found a maximum 
in the coefficients occurring at 25 to 65% submergence, the highest 
occurring at the highest temperature difference, namely 70oC. 
The flowrates through the evaporator were also measured as a 
part of this investigation, and were found to increase with 
increasing submergence and increasing temperature difference. 
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Cou1son and Mehta (28) worked on heat transfer to water, 
isopropyl alcohol, aqueous sucrose solutions and ve~ dilute 
aqueous Teepo1 solutions. The apparatus used was a stainless steel 
vertical tube evaporator 5'-3" high by 0.5" IoD. The unit was 
operated under vacuum, and the feed passed to the evaporator by 
natural circulation via a throttling valve in the line. Hence, 
it was not strictly a natural circulation evaporator. It was not 
stated at what submergence the evaporator was operated, but from 
the description of the apparatus it would appear to be constant 
at about 50% In this investigation, hot water was used as the 
heating medium, and the feed was introduced at or near its boiling 
point. The temperature difference varied between 10-50oF approx-
imate1y, and the f10'l,rrates ranged from 24.5 to 181 1b/hr, whilst th8 
heat f1uxes were as high as 25,000 Btu/~~ft3. They were interested 
in the effects of variations in feed rate, temperature difference, 
and viscosity on the heat transfer coefficients, and determined 
these effects by maintaining one constant and found the relationship 
between the other two. On this basis they put forward the following 
correlation .for the boiling film coefficient: 
hB 
= K1 (·'.T 0.6 w_0.25 11,0.49) 
1._ FILM J- ,r-
where K1 = system constant, Wf = mass flowrate 
In addition to this they found the heat flux varied with temperature 
difference in the following manner:-
For pool boilirig the relationship between heat flux and temperature 
difference is given by: 
Q/A .:;<, l~ T2 •2 
- 7 -
whilst convective heat transfer is characterised by the heat flux 
having a dependence'on the floVlrate to the power 0.8. From these 
considerations 'it would appear that the overall picture was that 
the heat transfer mechanism was a mixture of nucleate boiling 
and convective heat transfer. 
- ~ 
The viscosity dependence was obtained by considering the 
variations obtained in the heat tran3fer rates for various liquids 
at constant conditions of feed rate and temperature difference. 
However, other physical properties were not cons ta.."lt, and, therefore, 
this relationship for viscosity has no real meaning. 
Coulson and IvIcNelly (29) extended the previous piece of work 
by using higher temperature differences and different tube arrange-
ments. The tube length was 511 -3" in all cases but tube diameters 
varied from~" to 1" for the silver tubes, whilst i" tubes were used 
for copper and stainless steel. In this instance pressurised 
boiling water was used as the heating medium. The systems investi-
gated were water, ethyl alcohol, isopropyl alcohol, kerosene, 
toluene, cyclohexane and carbon tetrachloride. The general 
operating procedure was as before. However, despite the fact 
that point liquid and wall temperatures were measured, the majority 
of the heat transfer data was represented as average values. From 
these investigations they came to the conclusion that there were 
three main forms of heat transfer mechanism present: 
i) Low temperature difference region, where film coefficients 
are higher than those for nucleate boiling under the same 
- 8 -
conditions. In this case the vapour produced increases the 
liquid ~lowrate and hence increases the heat trans~er. This 
region is essentially one o~ ~orced single phase convective heat 
transfer. 
ii) Medium temperature dif~erence region where nucleate boiling 
becomes predominant, and the heat trans~er becomes one 
essentially of pool boiling. 
iii) High temperature di~ference region. A small increase in the 
temperature di~ference along the nucleate boiling curve gives 
a large increase in the heat ~lux. Because o~ this high rate 
o~ vapoarisation there will be :areas o~ liquid de~iciency, 
eventually leading to total evaporation. During this stage, 
the trans~er coe~~icient will slowly decrease since the heat 
flux remains constant but the temperature di~ference increases. 
These observations were made on the tube tIt loD. (silver) 
and similar results were obtained with the *It tube. However, it 
was ~ound that with the tubes larger than tit the length to diameter 
ratio was less than the minimum desirable. As a result, the end 
e~~ects became more noticeable, in that an insu~ficient degree o~ 
turbulence was obtained, hence reducing the slope o~ the ~orced 
convection heat trans~er stage. 
The ~ollowing correlations were given to predict the heat 
trans~er in the ~irst and second regions (i) and (ii). 
1st Region: 
Nu = (1.3 + Cd) -IPr0• 9 R 0.23 L L eL ° 34 "D 0.25 iT 1.01 Re' (tL) (rv) ~ 
v F PL ..,' 
where C = system constant, d = tube diameter 
- 9 -
2nd Region: 
h d 
k = 
r- P.d -! 0.31 r p 
l -. !fL-
! e-": ,"-
'L- _., Ifv 
-; 0.33 
1 I j 
However, these correlations were not tested extensively with the 
results of other workers and also, as mentioned by the authors, 
their extension to systems operating at higher pressures, i.e., 
atmospheric and above, is not advisable. 
In addition to this, no indications were given at what conditions 
one system changes to another. It is appreciated that the solution 
of the two correlations simultaneously would reveal the lower limit 
where nucleate boiling became predominant, but no indication was 
given as to the point where nucleate boiling did not predominate 
and the heat flux remained constant with increasing temperature 
difference. This last factor is of commercial importance. 
The authors suggested that the reason for the profiles 
obtained in section (iii) were due to the onset of partial dry wall 
conditions. However, one would have thought that at the extreme 
conditions required for dry wall conditions to occur (i.e., high 
vapour to liquid ratio) a drop in the heat flux would result, due 
to the heat being conducted through the vapour film. A possible 
alternative explanation for the results obtained in this region is 
that two phase convective heat transfer occurs, similar to that 
shown by Guerri and Talty (1). This idea is supported by the fact 
that in this region the authors reported higher values of the heat 
flux at similar conditions of temperature difference with increasing 
liquid flowrates. 
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These and other articles had indicated the importance of the 
vapour to liquid weight ratio. Wi th this in mind a number of 
papers were presented, relating hec.t transfer to vapour weight 
fractions. 
Verschoor and Stemerding (30) and Johnson and Abou-Sabe (31) 
investigated non-boiling two phase heat transfor in tubes with 
air/water systems. Both found gas injection substantic.lly increased 
the heat transfer. Johnson et 0.1 (31) correlated heat transfer 
in terms of the parameter for hvo phase pressure drop developed 
by Lockhart and Martinelli (32) and found that the ratio of two 
phase convective heat transfer to the liquid convective coefficient 
1 If' 
was a function of /Xtt. Verschoor et 0.1 (30) found that a maximum 
in this heat transfer ratio occurred at a gas/liquid wt fraction 
of 0.3. Visual observations made at this point indicated a change 
from slug to annular flow. Grotheus and Hendal (33) in a similar 
piece of work, though in this case working on oi~air mixtures as 
well, verified Verschoor's results, except that for oil/air mixtures 
the maximum occurred at a much lower wt fraction; in addition, 
increased liquid flowrates decreased the weight fraction a t which 
this maximum occurred. Up to the occurrence of this maximum, each 
system was correlated by a separate relationship, 
air/water. Nu = 0.0292 Re~·87 prt 
air/oil Nu = 2.6 Re~·39 
11-
DEFINED ON PAGE 13 
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m 0.14 ( v) 
1lw 
It should be pointed aut that the liquid Reynolds numbers for 
air/water system were always turbulent, whilst those fbr oil/air 
': 
were laminar. No visual observations were made, but it. was found 
that the point at which the maximum in the heat transfer ratio 
occurred, was given by a Weber number of 8 x 10-2 for air/water 
and 11 x 10-2 for oiJ/air. This f'unction was derived on the 
basis that the liquid film had been partly and temporarily disin-
tegrated by the shearing stress exerted by the flow, Le., dry wall 
conditions. 
As a result of the success of this type of approach to non-
boiling two phase heat transfer, a number of workers (1, 2, 3, 4, 34) 
extended it to boiling liquids. One of the notable efforts in this 
field was by Guerri and Talty( 1). They studied heat transfer to 
boiling cyclohexane, methanol, benzene, pentane and heptanee in 
two single tube natural circulation vertical evaporators, which 
were oil heated brass tubes, 0.75" LD. x 6 ft. and 1.0" LD. x 
6.5 ft. Wall and fluid core temperatures were measured at 6" 
inter.vals along the length of each tube. Point heat transfer 
coefficients and local vapour volumes were calculated for each 
section. 2 Heat fluxes ranged from 2,170 to 17,400 Btu/~rXft', 
vapour exit weight fractions from 2.8 to 11.6%, boiling film 
coefficients from 224 to 1,172 Btu/~rXft~F)and film temperature 
difference from 6.1 to 24.2oF. They correlated their results in 
the manner suggested by Johnson by plotting (hf /~) at the exit 
against 1/Xtt • 
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where hf = measured film coefficient 
~ = forced convection liquid coefficient 
--; 0.8 0.4 
given by .~ = 0.023K1 ja Gt {1-x) \ (QJI) a , ))"L , _i l{ 
I.· 
and 1 
m = 
1 
From this they found that the value of hj /hL at constant /xtt 
decreased in the order cyclohexane, methyl alcohol, benzene, with 
heptane and pentane falling on the same straight line when plotted 
on log - log paper. In all cases the plots for the different 
liquids gave straight lines parallel to one Mother. The equation 
for the line representing exit data for the pentane and heptane 
runs was, 
= 
They then assumed that this line represented two phase convective 
heat transfer, whilst the runs for the other liquids still had a 
nucleate boiling component, on this basis they changed the equation 
to 
where h 
c 
= two phase convective heat transfer coefficient. 
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To account for the much higher coefficients obtained when 
nucleate boiling occurred, they suggested the following correction 
factor to apply in these regions. 
N.B.C.F. = 
-5/ 
... 9 
0.187 ( ~"') 
where r>:' is the minimum thermodynamically stable bubble radius 
given by equations (10) or (11) of this reference and 8 = laminar 
film thicmess. 
This factor reached unity at a value of r*/8 of 0.049 and 
was interpretted to mean that this point the laminar film was 
moving too swiftly to allow nucleation to occur at this temperature 
difference. 
These correlations were compared with the data of Verschoor, 
Johnson and Dengler. 1 The first two, at values of' /xtt greater 
than 1, gave values of hf/~ lower than this correlation, whilst 
those of Dengler gave values that were higher. 
The validity of these findings would have been improved if 
higher temperature differences and heat fluxes, and hence higher 
vapour velocities, had been used, so that the nucleate boiling 
component could have been reduced as far as possible. In addition 
to this, if the feed to the evaporator had been at its local 
saturation temperature, the whole length of the tube could have 
been used for boiling instead of about 7q% as was the case in this 
investigation. 
One factor that the authors do not cppear to have taken into 
account in this investigation is the possible effect of surface 
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tension. From the results given here, it would appear that the 
value of h.i /hL at constant 1/Xtt decreases with decreasing surface 
tension. Another point which appears somewhat incongruous is that 
in all cases the exit velocities are of the same order, and yet 
there is an apparent decrease in the nucleate boiling component 
from liquid to liquid. In addition to this, methanol has 0. vapour 
weight fraction half that of cyclohexane, and yet nucleate boiling 
is less predominant in methanol than in cyclohexane. Whilst it 
is appreciated that the difference in vapour densities could 
.partially account for this discrepancy, it would appear quite 
possible that some other physical properties not accounted for in 
this correlation are having an effect on the convective heat transfer 
mechanism. Therefore, there is a possibility that using other 
liquids one might obtain results which are below those predicted 
by these correlations. However, these points would be much clearer 
if the data had been compared with those obtained for pool boiling 
under the same conditions, 
Dengler and Adams (2) came to similar conclusions as Guerri 
and Talty, working on a 12 ft. 1" IoD. vertical copper tube, 
forced circulation evaporator. The flowrates varied from 240-5,500 
Ib/h~Jc~apour weight fractions from 70-~ and film temperature 
difference ranged from 44.7 - 1.SoF. The heating medium used was 
steam in five equal heating jackets surrounding the tube, and the 
heat fluxes ranged as high as 160,000 Btu/<firtft~ with the feed 
introduced to the evaporator at its local boiling temperature. In 
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addition to verifying Gue:rri and TaUy's conclusions, they f'ound 
that in the higher reaches of' the tube increasing heat f'lux was 
not matched by an increase in the f'ilm temperature dif'f'erencej 
and thought this to be due to the increasing ef'f'ect of' convective 
heat transfer brought on by the increasing flowrate induced by the 
increasing vapour rate. Like Guerri & Talty and Coulson and McNelly 
they observed that the fllm coef'ficient increased with increasing 
distance f'rom the tube inlet. 
As a result of their experiments, they put forward the 
following correlation:-
where 
h 
c = 
= 
0.023 k 
D 
AND W': MASS F.I.~W/MTE., '-Ill/r. 
At low vapour weight fractions this expression is approximately 
the same as that of' Guerri and Talty; however at high weight 
f'ractions this expression will give increasingly higher convective 
coefficients. This could possibly be due to the fact that f'orced 
circulation was used, and hence the flowrates were mU'ch higher. 
They also included a correction factor to account for the 
high values obtained in runs where nucleate boiling occurred, and 
introduced it as a multiplying factor f'or the expression for the 
convective coefficient, in the f'orm:-
0.1 
N.B.C.F. 
SYMa.I..S OElN6 OEF/,H£.D IIV ~EF. i!.. 
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Bennet et 0.1 (34) worked on heat transfer to steam(water mixtures 
in the liquid dispersed region, flowing through an.electrically 
heated annulus. Two heating sections were used individually, 
both 29" in length. The heating elements were stainless steel 
tubes 0.375" and 0.623" in O.D. contained in borosilicate glass 
tubes 0.552" and 0.866" LD. respectively. Point values of the heat 
transfer coefficient were determined for a range of mass flowrates 
and steam qualities, using heat fluxes up to 160,000 Btu/~~f't~. 
They obtained ve~ high film coefficients with temperature dif-
o ferences up to 50 F. They used the same technique for analysing 
their results as Guerri and Talty, and put forward the following 
correlation:-
hf (Q -)0.11 
- lA ~ 
1 0.74 
= 0.64 (xtt) 
where hlJ is calculated in the same manner as suggested by Gue rri 
and Talty. Initially they used Denglerfs total mass rate for the 
calculation of ~, but found that it gave a wide scatter of results. 
Apart from the addition of the heat flux parameter, the relationship 
is similar to Guerri and Talty s oxcept for the difference in the 
constants. That there are different values for the constants is 
1 
most probably due to the fact that the values of Ixtt are much 
higher (50 as compared with 2 for Guerri nndTalty). Another factor 
which could.have caused these differences is the change in flow 
regions. Whereas Bennets work was concerned with the liquid 
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dispersed region, it would appear by referring to an article by 
Moissis (35) - that Guerri and Talty's experiments were performed 
in the region of advanced. slug/o.n...'1ular flow. In addition to the 
difference in flow regimes, another factor could have been the much 
higher vapour velocities encountered in Bennet's work. 
For the runs where nucleate boiling occurred, they con;pnred 
their results with Roh.senow's (36) pool boiling correlation: 
= 
WHERE Cs;. IS A SYJT£M CONSTFlNT 
and found that for low temperature differences and vapour weight 
fractions (less than 15%) the experimental results fitted this 
correlation. However, at even lower temperature differences 
and vapour weight fractions, higher values of the heat flux were 
obtained than those predicted by the pool boiling relationship. 
Above a vapour weight fraction of 15%, the two.phase convective 
mechanism is the predominant feature. At a vapour weight fraction 
of 7Q% this mechanism broke down into a liquid dtfficiency region, 
where the heat transfer coefficients decreased sharply due to the 
onset of dry-wall conditions. 
These findings agree basically with those of Coulson and 
McNellyon the subject of heat transfer regions, though in Bennet's 
work the existence of a two phase convective heat transfer region 
is introduced, and also the nucleate boiling region is correlated 
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by a pool boiling relationship. One distinct advance in this 
paper however is that an indication is given of the limits in 
which each regime predominates. 
2.3 Heat Tr~sfen to Binary Hixtures fron Electrically Heated Surfaces 
BonilIn and Perry (40) used electrically heated finned c0pper 
discs of effective diameters 3.5811 and 2.62 11 for heat transfer 
investigations on a number of binary mixtures. The temperature 
differences investigated were as high as 50°F, and were measured 
by thermocouples inserted in the heater and fluid. The binary 
systems used were aqueous solutions of ethyl alcohol, Butyl 
alcohol and acetone, and found that at the same temperature dif-
ference the heat fluxes for the mixtures fell between those of the 
pure components. However, the maximum nucleate boiling heat flux 
was found to reach a maximum at about 10% af the more volatile 
component, and occurred at a higher temperature difference than 
the pure components. 
Cichelli and Bonilla (12) working on a similar apparatus, 
investigated the systems ethyl alcoho~water and propane/pentane. 
They found that the maximum nucleate boiling heat flux for the 
mixture fell between those of the pure components. However, it 
should be pointed out that 50,10 ethyl alcohal solutions were used, 
and, therefore, would not indic~te what was happening at low 
ethyl alcohol concentrations. 
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Stralen (8, 9, 10, 11) and co-workers have investigated 
extensively the boiling of binary mixtures from electrically heated 
wires. The binary systems used in this investigation were aqueous 
mixtures of methylethylkatona, 1-butanol, ethanol, 1-propanol, 
1-pentanol and acetone. In all cases he found that a maximum 
occurred in the maximum nucleate boiling heat flux at low concen-
trations of the more volatile component, and occurred at the following 
weight compositions: 4%,2%, 20%, 10%, 2% and 12% respectively. 
However, at the same time as this, the critical temperature dif-
ference was increased to such an extent that the film coefficient 
decreased. Similar to the findings of the previous workers, at 
the same conditions of temperature difference the heat fluxes for 
the mixtures fell between those of the pure components. 
In an effort to explain this mo.ximum, he considered the 
reduction in the superheat between the liquid shell surrounding 
the bubble, and the vapour bubble, caused by evaporation of the 
more volatile component from this liquid shell. Owing to a 
difference in composition between this liquid shell and the bulk 
liquid, the superheating of the bulk liquid, /':, t with respect to 
the dew temperature of the vapour bubble, will be decreased by an 
amount. 
= T(ae) - T(ae ) o 
ae is a subscript and~efers to the point liquid composition 
where Cae = (.;.ae 0 
.x 1'_ -1 
1 + "; K~e :-:-J i G 
~ '- .J 
whe:r;-e K = equ.ilibrium constont, G = fraction of vapour f"ormed 
from the liquid) 
equilibrium flash vapourisation being assumed. 
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Thus the effectivp. 
superheat is given by: ~T 
Apart from the equilibrium properties of the system signified by 
k the value of /:::. T depends on the value taken for G. 
stralen took this value of G from the limiting value, 
6,t - 6 T (ae) = 0 
m 
This gave a value of 0.01 for G for aqueous solutions of lower 
aliphatic alcohols. 
Forster and Zuber give the asymptopic approximation for the 
radius of a separate bubble of vapour in a pure component by, 
where t = time 
F = constant. 
Thus Stralen used this in conjunction with his equation for the 
degree of superheat giving, 
r = F r;-'(At -A Tae ) m 
From this he concluded that the size of a vapour bubble reached 
a minimum at a concentration (ae)m of the most volatile component. 
This occurred at the same concentration at the maximum in the heat 
flux, and connected the occurrence of a minimum bubble radius with 
a maximum in the heat flux by the following statement. 
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"A heating wire is sourrounded by a small liquid boundary layer, 
through which heat is transferred by conduction only. The formation 
of each vapour bubble on the wire means a disturbance in the laminar 
boundary layer, and consequently higher heat transfer due to the 
circulation currents set up in this way. Obviously the maximum 
number o:f disturbances per unit area per second which can be 
present at the maximum of nucleate boiling should increase with 
decreasing bubble size". 
Thinking along these lines, a maximum in the heat flux shouJa. 
occur at a concentration (ae) , which is what Stralen et al :found 
m 
experimentally. However, whilst the association of a maximum in 
the heat flux with a minimum in the bubble size is logical, there 
are a number o:f points which are not clear with regard to his 
expression for the bubble size. 
The :first one is that the value of l~ .. t was taken :from Jacob 
and Fritz (50) to be several tenths o:f a degree centigrade. Now 
this figure refers to the degree of superheat found when a bubble 
has detached itself from the heating surface and is flowing in 
the bulk liquid. ~bereas at the heating surface it would be 
expected to be higher than this, thus increasing the value o:f G. 
Another point arising :from this is that the value of G was obtained 
from the limiting case, 
- L\ T (ae) = 0 
m 
Therefore, from Stralen's expression for the bubble radius, the 
bubble size at concentration (ae) - the point o:f maximum heat :flux -
m 
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would be zero, which obviously could not be the case. In audition 
to this, there is some doubt as to the validity of the use of 
this expression of bubble radius in this case of bina~ mixtures, 
as well as the fact that F - which is a function of the system 
properties and was assumed consta.'lt by Stralen ~ has been shown to 
vary vli th bina~ composition. 
Scriven (49) has put forward the following relationship for 
expressing the bubble size in a superheated binary mixture: 
r--·--
R = 2 (> ! eK .'..1" I • 
where f3 = growth constant ! 
e = time 
K = thermal conductivity 
This expression shows a marked similarity to the Jakob and Fritz 
expression. 
The growth constant is rather a complex function of physical 
properties, and was shown to have a minimum at an intermediary 
composition. In the case of the system ethano~water, this 
minimum occurred at an ethanol weight fraction of about 10%. From 
a comparison between the two equations for bubble size there would 
appear to be a strong similarity between the factors F and e and 
, 
hence it is quite possible that a minimum occurs for F at a loVl 
weight fraction of the more volatile component. If this was the 
case, F could be a more critical factor causing a ~inimum bubble 
size, than the degree of superheat. 
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Leppert, Costello and Hoglund (43) investigated the effects 
of s:cll ~ddi tions of volatile organics to distilled water, boiling 
from arc electrically heated stainless steel tube 0.1111 O.D. They 
also investigated the effect of fluid velocity on the heat transfer 
rates under these conditions of boiling. The systems on which 
they worked were isopropyl alcohol and water, and methyl alcohol 
and water. They found that the bubble size diminished with the 
addition of the organics. It should be noted that the liquids 
were subcooled slightly, but this was found to have no appreciaOL e 
effect on the bubble size. An interesting result from this 
investigation is that apart from increasing the maximum heat flux, 
the additions of organics caused the heat fluxes to be higher then 
water over the whole range of the temperature difference. This 
last point is contra~ to previous findings where the heat fluxes 
were between those of the pure components. This could arise through 
the use of forced circulation, as it was observed that with increasing 
velocity, there was a greater increase of the heat flux relative 
to water over the whole range of the temperature difference. The 
maximum alcohol concentration used was about 2.5% (wt.)' so no 
evidence of a maximum heat flux at a certain composition was 
obtained. 
They attempted to correlate their findings using the Rohsenow 
relationship. However, they could not account for the' magnitude 
in the increase of the heat flux, by the variat'ions in the physical 
properties used in this expression. A possible reason for this 
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could be that they assumed the value of C
sr 
remained constant, 
whereas Rop.senow sholled that it was a function of the properties 
of the system, and the heating surface. 
Grigorev and Usmanov (41) however, published different ,data. 
They used the systems ethyl alcohol/water and methyl alcohol/water, 
and found that the heat fluxes for mixtures needed a higher temp-
erature difference than did either of the pure components. This 
is in complete contrast to previous results where it was found 
to be intermediate between the two pure components. In this 
investigation, the heating surface was a stainless steel tube 
1.25 mm O.D., and 11.5 cm. long. A low voltage (1-3 VOlts) and 
high current (300 amps) alternating circuit was used. 
Visual observations indicated that between 0 and 10q$ alcohol 
concentrations, the number of bubbles first decreased, and then 
increased, this corresponding to an inverse effect on the bubble 
size. They proposed the following relationship of the minimum 
bu~ble size with composition on the heating surface:-
R = 
2cr 
where N,V are molal specific entropies and volumes res.)ectively. 
. ,; 
where A is a function of the mixture and its thermodynamic 
properties, and was unsolvable through lack of data. For pure 
liquids A = 0, therefore for some intermediary composition, R 
will show a rrk~mum. 
To counteract this lack of data, photographs were taken of 
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boiling solutions of different compositions, where R1, given by 
26"-
= 
was kept constant. Under these conditions it was found that a 
maximum occurred in the bubble size at about 50,70, and this coin-
cided with a minimum in the heat flux. Ho,;ever, these anomalies 
are hard to explain in the light of the information given in this 
paper. 
Dunskus and Westwater (42) conducted experiments on the 
effects of additions of small amounts of eleven organic liquids 
to isopropyl alcohol, boiling from a steam heated' copper tube, 
*" O.D., heated length 10.5". They investigated far into the 
film boiling region with temperature differences as high as 250oF. 
They found that very small additions of Igpol (0.01% mol) to 
isopropyl alcohol, increased the maximum heat flux two-three times 
and at the same time increasing the critical temperature difference. 
An interesting feature of this investigation is that this maximum 
value of heat flux remains virtually constant through the transition 
region into the film boiling region. In general it was found that 
these small additions brought about a reduction in the bubble size. 
This is in agreement with ~~st other results. 
A tentative explanation was putfo,rward, based upon the 
increase of surface viscosity caused by the concentration effect 
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of evaporation of the more volatile component away from the 
surface. This would result in the bubble being sourrounded by a 
fluid of higher viscosity, thus reducing the tendency of bubbles 
to coalesce, and hence reducing the motion of eddies. Even if 
this statement were completely true - which it is hard to accept 
as a reduction in the turbulence would be expected to bring about 
a lowering of the heat transfer - it would not account for the 
results obtained in aqueous solutions where the surrounding liquid 
would have a lower viscosity. 
Another attempt to account for the anomalies of binary mixtures 
was made from a theoretical point of view by Yang-Wen-Jei (47). 
Using the source theory for superheated binary mixtures, 
(. 
he derived an expression for the bubble growth constant, given by, 
where F is less than unity and is a function of the physical 
properties of the system. For a one component system this factor 
equals unity. 
This relationship is very similar to that derived by Scrivens, 
and shows that a minimum in the growth constant occurs in a binary 
system. 
Using this expression and making the assumption that the high 
heat fluxes obtained in nucleate boiling are due to the turbulence 
introduced by the bubble motion, a relationship similar to single 
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phase forced convection was developed. 
jB = C~ n 
2 
where jB = "3-N~ PrL 
4(32 
This relationship was found graphically to be, 
= 
1.21/3 -3.14 
and applies to all the binar,y systems investigated. 
From this it can be seen that a decrease in the growth constant 
causes an increase in jB and hence an increase in the heat trans-
ferred. 
Another relationship derived in this investigation was that 
Thus Re: cI.. ~) 2 
From this it would appear that an increase in the growth constant 
would cause an increase in the Reynolds number and hence an 
increase in turbulence. One of the basic assumptions of this 
approach was that increased turbulence caused an increase in the 
heat transferred. Thus from this relationship, an increase in 
the growth constant would result in an increase in the heat flux, 
which belies the correlation developed here. This would lead to 
the idea that whilst the resulting correlation expressed the form 
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of the data obtained, the method by which this expression is 
derived is somewhat suspect. 
2.3 Heat Transfer to Binary Mixtures in Ev"aporatC}.!_Tubes 
With regard to two component heat transfer in evaporator 
tubes, ve~ little work has been carried out on this topic. 
Kirschbaum (15) in a series 0 f experiments carried out in 
an apparatus similar to that used in ref. 48, found that sugar 
solutions, under the same conditions, gave progressively lower 
values of the film coefficient with increasing sugar content. 
The same effect was found with sodium chloride solutions invest-
igated in this apparatus. A relationship was put forward which 
fitted the data given here, but was of a ve~ limited nature and 
was not compared with any other experimental data. In addition 
to this, it would appear ~rom the results given that only about 
25% of the tube was used for boiling, the remaining portion being 
used for preheating. 
He also found that ver,y small additions of surface active 
agents (NEKAL) caused a large increase in the film coefficients, 
and was thought to be caused by the high degree of foaming which 
resulted from these additions. 
Kirschbaum's (49) experiments with the water/glycerol system 
in a natural circulation evaporator, tube dimensions 2m. x 40 mm. 
I.D., indicated that a maximum occurred in the film coefficient at 
a glycerol concentration of about 2Q% (wt.). However, no explanation 
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to account for the occurrence of this maximum was given. 
Calus (16) studied heat transfer to isopropyl alcohol and 
water in a steam heated natural circulation evaporator. The 
tube was mounted in the vertical position, 4- ft. high by 1ft LD., 
and made of glass. In the part of his work that is of interest 
here, the feed was introduced to the evaporator at its local 
saturation temperature, the flowrate being determined by the sum 
of the liquid and condensate flowrates leaving the top of the 
evaporator. 
He found that a sharp minimum occurred in the overall coef-
ficient of heat transfer at an isopropyl alcohol concentration 
of 10% (wt.), and a rather flat maximum at about 25%. The latter 
point gave a heat transfer coefficient of about 80% that of water 
at the same condition. Thus, the values of the heat transfer 
coefficients for mixtures always fell between the values for the 
pure components at the same conditions. It was also found that 
changes in temperature difference and submergence did not alter 
the positions of the maximum and minimum. 
With regard to the effect of change of submergence, it was 
found that within the limits of the experiment, increasing sub-
mergence caused an increase in the heat transfer coefficient, the 
same being the result of increasing the temperature difference. 
However, it should be noted that in this worklow temperature 
differences (less than 50oF) and low heat fluxes (less than 
10,000 Btu/{lrXft2)) were used, and consequently low vapour weight 
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fractions weE'e encountered. The other observations made were 
that in nearly all cases, an increase in the temperature difference 
caused ~~ increase in the liquid £lowrate through the evaporator. 
In addition to the previously mentioned presentation, the 
data for water was plotted in the style 0f Guerri and 
the result being that the 8q% and 6q% submergence data fell 
beb1een the ~ 2q% limits of the correlation. However, the 4q% 
submergence data gave values 0f the heat transfer ratio higher 
than those predicted by this correlation. A possible cause of 
this being that in the last case the values of 1/Xtt were about 
10, whereas the mrocimum used in Guerri and Talty's was about 2. 
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CHAPTER 3 
3.1 Apparatus 
The apparatus used in this investigation was a natural 
circulation, vertical tube evaporator, the heating medium being 
steam. The layout of the apparatus is depicted in the line 
diagram, figure 1, and in the photograph, figure 2; the essential 
features are as follows. 
As stated in the introduction, the feed was introduced to 
the bottom of the evaporator at its local saturation temperature, 
this being brought about by two methods. ,)The bulk of the liquid 
was raised to its boiling point by means of the steam coil in 
i 
the preheating section, and then flowed by natural circulation 
to the evaporator inlet via a 12" length of 1" Q.V.F. glass pipe. 
4)However, it was found that this length was sufficient to cool 
the liquid well below its saturation temperature, so a small 
steam jacketed glass heater was placed in line, just prior to 
the evaporator inlet, to counteract the heat losses in the 
section between the preheater and evaporator. That the liquid 
was in fact at its saturation temperature was verified by the 
insertion of a mercu~-in-glass thermometer in the liquid line, 
just prior to its ent~ into the heating section of the evaporator.' 
Full details of the test section of the evaporator are given in 
figure 3, but it consisted essentially of a machined copper 
tube 0.485" internal diameter, wall thickness 0.085" and heated 
length 47-i", the tube being housed in a 1t" diameter brass jacket. 
steam was supplied to the jacket via a control valve and a Bailey 
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reducing valve, the latter having a range of 0-60 p.s.i.g. The 
inlet steam line was fitted with a Bourdon type pressure gauge 
with a scale of 0-100 p.s.i.g., and a mercury filled copper 
thermometer pocket, the latter containing an N.P.1. tested 
mercury-in-glass thermometer. Condensate from the steam side 
was then exhausted via a sight glass and a level operated Velan 
steam trap. 
The vapour/liquid mixture which issued from the top of the 
evaporator, then passed into the head via a glass expansion 
"T"-pieoe. The object of this T connection, which was of 1" N.B., 
was to remove the greater proportion of the liquid carried over 
from the evaporator. The vapour and the remaining entrained 
liquid then passed into the head, a vessel of 3" diameter and 
15" in height, where the temperature and pres sure of the stream 
were measured. The temperature was determined by a mercury-in-
glass thermometer, similar to the one used at the evaporator 
inlet, and the pressure was measured by means of a water filled 
U-tube manometer. To avoid any loss of vapour or entrained 
liquid, a baffle was fitted across the pressure tapping point; 
details of this are given in figure 4. The vapour and liquid 
then passed through two glass cyclone separators - see figure 5. 
The vapour inlet and outlet diameters to these were 1t" and 2" 
respectively, the liquid take off being 1". The B.quid extracted 
by these cyclones then joined the liquid taken off from the top 
of the evaporator, and passed into the entrainment liquid floVl 
meter, details of which are given later. 
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meter then passed into the copper reservoir tank, whence it was 
pump.ed back to the preheating vessel. Details of this recycle 
system will be given later when discussing the technique of 
maintaining a constant submergence. The vapour from the second 
cyclone separator then passed through a short length of 211 Q.V.F. 
glass pipe to the vapour condenser. This was basically a single 
pass shell and two-pass tube condenser, with the vapour on the 
shell side, and cooling water was passed through 25 copper 
12" U-tubes, 32 Q.D., each 54" long giving a total outside surface 
area of 17.5 ft2. Further details of this condenser are shown 
in Figure 6. In an effort to minimise heat losses, the entire 
section between the top of the evaporator and the vapour 
condenser were housed in a vermiculite filled lagging box. 
This technique was found to be successful in that on no occasion 
did the surface of the lagging section attain a temperature 
measurable higher than the surrounding air temperature. Also a 
heat balance performed on the steam condensate and the vapour/ 
liquid mixture issuing from the evaporator gave the former higher 
by about 4%. This discrepancy being well within the limits of 
experimental error. 
The condensate from the vapour condenser passed into the 
condensate meter, similar in design to the entrainment liquid 
flow meter, via a length of about 3 ft. of 1" Q.V.F. glass pipe. 
The exit liquid from this meter then passed into the reservoir 
tank and was pumped back into the preheater. In this manner a 
closed system was operated in that the flowmeters gave a 
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continous reading of the flowrates, and the apparatus could be 
left for some period of time unattended, the conditions o~ sub-
mergence and temperature difference being maintained at 
predetermined values. 
3.2 Flow Measurement 
The method for metering the flow was as used in reference 
16, with suitable alterations to allow for the different flow-
rates. The apparatus was an orifice type meter and the general 
layout is given in figure 7. 
The liquid flowed into the outside glass jacket via the 
inlet in the base plate, and then passed out through the orifice 
in the central copper tube. The liquid level in the jacket rose 
until a point was reached where the flow out through the orifice 
matched the inlet flowrate. At constant inlet rate the level 
in the meter remained constant. As the flow through the orifice 
was approximately proportional to the square root of the head of 
liquid above the orifice, the level of liquid in the jacket ga7e 
a measure of the flowrate through the meter. Depending upon the 
size of the orifice, any range of flo'l7rates could be measured in 
this manner. 
In the case of the condensate meter, figure Bb, the orifice 
size token was 0.11t diameter. This sizing was arrived at after 
a series of trial runs to determine the maximum cond::..tions within 
which the meter Vlould have to operate. The meter was then cal-
ibrated with water at 150 C, the results being presented. graphica.lly 
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in figure 9. In addition to this, the variation of the orifice 
flow Reyno1ds number with head was plotted, see figure 10. 
The entrainment liquid flowmeter was essentially the same 
as the condensate meter, except that a different orifice arrange-
ment was used. In this case, where the range of flows to be 
metered was very large, two orifices were used in an effort to 
obtain the same degree of accuracy at the low f10wrates as well 
as the high f1owrates. From a series of experiments, the 
orifice arrangement depicted in figure 8(a) was used. This 
1" 
consisted of two orifices, the lower one was 16 diameter and the 
higher one ft diameter, with 2tn between the centres. The meter 
o 
was calibrated with water at 17.5 C, and the results are expressea, 
graphically in figure 11. The variation in the orifice ~low 
Reyno1ds number was also detemined. for this meter, and the 
results are given in figure 12. 
To che'ck the ca.1ibrations for accuracy, the meters were re-
calibrated several times, the maximum divergence being 1.5% for 
the condensate meter and 3% for the entrainment liquid flow meter. 
It was necessary, however, to correct the measurements taken 
under run conditions for changes in density and viscosity brought 
about by changes in composition and temperature. This correction 
was applied using the Eu1er Plot, figure 13, which correlates 
discharge coefficient with Reyno1ds number. The actual mathematics 
of this correction factor are fully explained in the sample 
calculations in the appendix. 
- 36 _. 
( 
... 
~ 
LI(JUIO LEVEL IIY 
---Pt<£H£AT£R 
l 
.. PREII£A TER. 
i 
I 
LJQUIO RE[(Jf(N {ROM 
FLO'w'/'1£T££S 
.. ~ b-~ , 
__ \..J ~ 
8ALL VllLVE-
If. 
R.£ 5Et.VOIR. 
TANK 
FIG- 14 
LI&UIO 
-L£V~L 
, 
•• 
~ 0- CI!<CULIII/t'rf.J ¥'fVMP 
~ A 
To verify the applicability of this correction factor, 
flowrates were measured for both meters operating under run 
conditions, and then compared with the corrected calibration 
data. For the entrainment liquid flow meter, the maximum 
divergence was 5% which was reasonable since an error in the 
liquid flowrate of this magnitude was not critical. However, 
the condensate meter showed a maximum divergence of 1Q%, which 
was too great to be acceptable. Because of the large error 
involved it was decided to measure the condensate flowrates 
manually for each reading. This was performed simply by fitting 
a three-way valve in the line between the condensate meter and 
the reservoir tank. Thus at any time the flow could be diverted 
into a measuring cylinder, the time for the collection of a 
certain volume measured and hence the flowrate determined. 
3.3 Submergence Control 
An important feature of the apparatus was the maintenance 
of a constant level, i.e., submergence, in the preheater and the 
evaporator tube; this was obtained in the following manner. 
The outlet streams from the evaporator passed via the two 
flowmeters into the reservoir tank, see figure 14, and in order 
to maintain a constant liquid level in the preheater liquid was 
pumped continuously from the reservoir tank back into the pre-
heating section. It Vias not practical, however, to match 
exactly the amount of liquid pumped with the amount of liquid 
leaving the evaporator, so the following technique was used. 
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A connection was made between the preheater and the reservoir 
tank, and the flow through this was controlled by means of a 
ball valve operating on the liquid level in the reservoir tank. 
Thus if the pump discharged more liquid into the preheater than 
entered into the reservoir from the flowmeters, the liquid level 
in the former would drop, causing the ball valve to open and 
allow liquid to pass from the preheater back into the reservoir 
tank. In this manner a balance was kept between the liquid 
pumped out of the tank and the liquid flowing into it. This 
resulted in the hold-up in the reservoir tank to remain constant 
and hence maintained a constant submergence in the preheater and 
evaporator tube. 
3.4 Temperature Measurement 
It was essential to have an accurate reading of the inlet 
and outlet temperatures of the evaporator, and also the inlet 
steam temperature. For these measurements, N.P.L. tested 
thermometers were used, and as an additional safeguard the 
thermometers used in the first two mentioned cases were checked 
for similarity of reading in a thermostated water bath. Details 
of these and the other thermometers used - five in all- are given 
in the accompanying table. 
An additional temperature measuring device was the use of 
copper-constantan thermocouples placed in parallel with the 
mercury thermometers. The number of thermocouples used was 
six, the extra thermocouple being placed in the preheater. The 
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SCALE SCALE IHMER-
I 
REF. I I LOCATION SPAN DIVISION SION No. ACCURACY I 
°c °c °c i 
EVAP. ! D.O.D. 
INLET 50-105 0.1 Gem. 1349 + 0.05 
EVAP. D.O.D. +. OUTLET 50-105 0.1 6 cm. 1352 - 0.05 
STEAM G.C.G. 
INLET 99-150 0.1 Gem. N.F. 0.1 
-- 1~ LIQUID R. vI. J. FLOW11ETER -10-11.0 1.0 FULL N.F. 
I 
CONDENSATE F.N. I I HETER -10-20 I 0.1 I 10 cm. 88159 0-2 i j i ! . _0_0 I 
output from the thermocouples was passed to a Cambridge 
recorder, and the temperatures plotted on the chart. No direct 
measurements were made from these thermocouples, but they 
performed two services which were:-
(a) indicated continuously the stability of the temperatures 
at all six points, and, hence, indicated equilibrium 
conditions. 
(b) indicated faulty readings in any of the thermometers. 
3.5 Composition Measurement 
As one of the objects of this work was to determine the 
extent of rectification in the tube, it was necessary to know 
the inlet and outlet stream compositions. In an effort to 
determine this inforn~tion, the following system was used. 
For the sampling of the inlet liquid, a narrow glass tube 
was welded into the 1 tI glass line prior to entry into the 
evaporator, and a rubber serum cap was secured over the end of 
the tube. In an effort to protect the cap from attack by the 
vapour from the boiling liquid, a thin piece of P.T.F.E. sheet 
was used to cover the surface of the cap in contact with the 
vapour. The sample was taken by inserting a hypoaiermic 
syringe through the cap and a small amount of liquid withdrawn. 
The sampling of the two exit streams was much easier in that 
they were not operating under pressure. In these cases, samples 
of the exit liquid and the condensed vapour were taken via sampling 
taps inserted in the lines prior to the entry of the liquid streams 
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to their respective flow meters. 
The analysis of these samples was carried out using an Abbe 
refractometer with a thermostated supply of water controlling 
the temperature of the plates. From these measurements the 
compositions of the streams could be determined using the cali-
brations chart given in figure 15. From this plot it can be 
seen that there is no marked change in refractive index with 
composition above about 8Q% (wt) of isopropyl alcohol. There-
fore for these runs where the compositions exceeded this figure 
- apart from the azeotrope and isopropyl alcohol runs - another 
technique was used. 
As the number of points which fell in this region were few, 
the rather laborious technique of determining the specific 
gravitities at constant temperature was used. For this, a 
standard specific gravity bottle of known volume was used, 
along with a thermostated bath and a beam balance. The 
compositions were determined using the density data given in 
table 3-1.3.3. of reference 17, depicted in figuret3. 
3.6 Dimensions of the Heating Section 
The data required for the estimation of the heating surface 
area are the inside and outside diameters of the tube, and the 
heated length. 
The inside diameter was determined volumetric ally by filling 
the tube with mercury, and weighing the amount of mercury required. 
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From this the volume and hence the internal diameter of the tube 
could be calculated. This was repeated five times, and a mean 
value of 0.485" for the diameter taken. 
The outside dimension was determined by measuring the 
diameter at 1" intervals along the tube with a micrometer. To 
check for consistency of diameter in the lateral as well as the 
longitudinal direction, these measurements were repeated at 
the same points, except that they were taken a:t"right angles to 
the previous set of measurements. Both these sets were inte-
grated graphically, the mean diameters being, 0.652" and 0.658". 
The average was then taken as 0.655", the maximum deviation 
from this mean being 1%. 
3.7 Experimental Procedure 
The object of this work was to determine the effect of sub-
mergence, temperature difference and composition on the heat 
transfer rates, flowrates and degree of rectification in the 
evaporator. The experimental technique used to determine these 
effects was as follows. 
The apparatus was charged up to a condition of about 10q% 
submergence with about twelve gallons of the mixture, and the 
steam temperature set at a convenient value by mean~ of the 
reducing valve. Cooling water was supplied to all the condenser~, 
and the entire quantity of liquid brought to its boiling point 
by means of the evaporator and the steam coil in the preheater. 
When this condition had been obtained, the latter steam supply 
- 41 ~-
was reduced ~~til a gentle boiling action was maintained in the 
preheater. At this point, the small steam heater located 
prior to the evaporator inlet was adjusted so that the entr,y 
liquid to th0 evaporator was at its saturation point. The 
apparatus was then left for about two hours to obtain oquilibrium 
conditions. 
were token. 
When this condition had been reached, readings 
The full extent of these readings is given in the appendix, 
but they included inlet and outlet temperatures and compositions, 
steam temperatures and pressure, liquid and condensate flowrates, 
meter temperatures, evaporator head pressure and submergence. 
This last measurement was taken from a scale attached to the 
preheater, the difference in pressure between the preheater 
and evaporator tube being allowed for. This sequence of readings 
was repeated at half-hourly intervals until two consecutive sets 
of measurements were essentially constant. When this had 
occurred, the submergence was reduced by withdrawing some of 
the liquid from the reservoir tank, and the experiment repeated 
for the new submergence. 
-This experimental procedure was continued over the whole 
range of submergence and temperature difference, the latter being 
limited to a maximum of about 110°F. Only when this set of 
experiments had been completed was the composition changed and 
the series of experiments repeated with the new composition. 
In this manner the effects of submergence temperature 
difference and composition were determined. 
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3.8 Reproduc!bility of Results 
In an attempt to nulli~ the effects of scale build-up, 
etc., on the inside and outside surfaces of the tube, the apparatus 
was operated with water for a number of d~s. At first the 
tendency was for the heat transfer rates to decrease from day 
to day, operating under identical conditions. However, after 
a period of ten days - total operating time of 120 hours - the 
heat transfer rates became constant, and it was assumed that 
at this point the tube surfaces were passive to any further 
increase in the resistance to heat transfer. The runs indicate«d 
in the preceeding text were then performed with the tube in 
this condition. 
As a check on this assumption, the water runs were repeated 
after the whole series had been completed. The conditions 
were identical to those used in the first tests, and the results 
obtained agreed within 4%, of the previous figures. In fact, 
the last series of water runs gave heat transfer rates higher 
in most cases than the first series of tests. These remIts, 
therefore, supported the assumption that the surfaces had become 
passive to further increases in the resistance. 
Examination of the tube surfaces previously, after a long 
period of use, had revealed that both surfaces appeared to be 
covered by a fine black deposit, similar to copper oxide. If 
this surface was in fact copper oxide, it would explain why the 
heat transfer rates behaved as they did, for once the surface 
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had been completely oxidised, no further oxidation would occur 
and hence the surface resist~~ce ,rould remain constant. 
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CHAPTER 4 
Physical Properties of the System Isopropyl Alcohol and Wat~ 
In an investigation of this nature, a knowledge of the physical 
properties of the syoteui in question is of prime importance. 
Where possible, the required data was taken from the literature. 
Thus, the densi~ data was taken from table 3-133 in reference 17 and 
given in figure 23, whilst the variation in specific heat of the system 
was found in reference 18, and is depicted in graphical form in figure 16. 
The vapour/liquid equilibrium data, figure 17, was obtained from 
reference 19, and the saturation temperature figures were obtained 
from reference 18 which is shown in figure 18. The vapour viscosi ties 
and densities of isopropyl alcohol and water were taken from figure 3-42, 
reference 17; the liquid viscosities of the pure components being taken 
from figure 3-43 of the same reference. Finally the variation of the 
latent heat of vaporisation with composition, shown in figure 19, was 
obtained from reference 20. 
However, the remaining data either had to be calculated from an 
, 
empirical relationship or else determined experimentally. Thus the variatio 
of the liquid viscosity was determined experimentally, see appendix, the I 
results of which can be seen in figure 20. On the other hand, the variatioJ 
of surface tension with composition was determined from:-
(J' = 
x O"'H 0 2 
x being the weight percent of isopropyl alcohol present. 
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This approach was recommended in reference 21, and the solution 
is presented graphically in figure 21. In a similar fashion, the 
thermal conductivities of the solution were recommended in reference 
22, to be given by the following empirical equation:-
K = l1t20 
Sin h (1 - x~ * 1.38 + ~ S/IIH (x '* 1.38) 
x 100 .P.A. 100 
Sin h 1.38 
where x = wt. % of isopropyl alcohol present 
= thermal conductivities of the solution, water and 
isopropyl alcohol respectively. The solution of 
this equation is presented graphically in figure 22. 
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CHAPTER 5 
Re suI!.§. 
The data presented in this thesis are the results taken from 
a total of about 700 runs, over the whole range of submergence and 
composition and up to a maximum overall temperature difference of 
about 110oF. 
Initially, about 100 runs were made to bring the apparatus to 
its present condition. The majority of these were concerned with the 
ada~\\on of the apparatus to ensure that stable conditions were obtained. 
This was brought about by the insertion of a copper orifice plate tit 
diameter, in the line connecting the preheater to the evaporator. This 
size was arrived at experimentally on the basis of maximum stabilisation 
with the minimum change in the heat transfer rates. 
From the raw data obtained in these runs, initial calculations 
were made on a computer to determine the inside film coefficients. 
These calculations were made on the basis that the inlet liquid was at 
its saturation temperature, and hence the whole length of the tube 
was used for boiling. The overall temperature difference was taken as 
the difference between the steam temperature and an arithmetic mean of 
the inlet and outlet fluid temperatures. This data, along with the 
figures for liquid and vapour flowrates and compositions enabled the 
overall he~t transfer coefficient to be calculated. The inside film 
coefficients were then calculated by assuming a steam film coefficient 
of 2,000 Btu/~rxrt~oF)(52) and the thermal conductivity of cop2er as 
220 Btu/6r)(ft2~F/ft)(53). 
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The initial presentetion of the data was then m~de in the form 
of plots of the inside film coefficient versus submergence for 
constant inlet composition pnc temner~ture aifference, and 
examples of these findings cpn be seen in figure 24-28~ The data 
~presented in a different form in Fig. 29-31) where the film 
coefficients are plotted agpinst inlet liQuid compositions at con-
stant submergence ~nd over~ll tem~er~ture difference. 
The ~lotting of the heet trpnsfer results in this manner is 
not very indicative of the mechanisms occurring in the tube. 
Therefore in an effort to ~na1yse the results, the data for the 
water and the isopropyl runs were presented in the form suggested 
by Guerri and Ta1ty. The results for this are given in Table II, 
and are plotted in log-log form in Figures 32 and 33. This form 
of presentation of the results is useful for incicating the 
increasing effect of convective he8t trpnsfer. However, it was 
thought that to complete the picture it would be advisable to 
compare the run dat~, with the results obtained with pool boiling 
under the same conditions. 
With this in mind, the results were ~lotted in the form of 
heat flux versus film temperature difTerence. To give a compari-
son with nucleate boiling, the Rohsenow pool boiling relationship 
was also plotted in the same form. The results of this are 
depicted in figures 34-36 for the runs of water, the azeotrope 
and isopropyl alcohol. The re~sonB why only these three runs 
were tested in this manner were twofold. Firstly, there wae 
insufficient data to cP1cul~te the Rohsenow relationship, and 
secondly the composition changes oc~urring in the tube for the 
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other runs were si~nific~ntly l~rve to compare the results. 
In addition to the interest in the veri~tion in the heat 
transfer rates, the volumetric flowr~tes to the evaporator were 
noted under the varying conditions. These results arc depicted 
in figures 38, 39 and are ~lso included in Table I. The d~ta 
for the flowrates ~re renresented- in a different form for water, 
the azeotrope composition pn0 isopropyl alcohol, in figures 40-
42, where the inlet liquid r~te (ft/sec.) is plotted against exit 
vapour rate (ft/sec.) for constent submergence. 
Finally, plots were made of the VAriations obtained in the 
compositions of the exit liquid pn~ v~pour s~reAms. These 
results can be seen by referring to figures 43-45 - also T~ble I -
where their dependence on submergence, inlet liauid composition 
and temperature difference is shown. 
Accuracy of Heat Transfer He~surements 
The inaccuracies involved in the heat transfer measurements 
can be broken down into the following sections:-
(a) formation of sCPle on the tube, 
(b) heat losses incurred between ev~porator 
and condenl!er, 
(c) errors involved in meterin~ the 
condensate rate, 
(d) the efficiency of the cyclones in the 
removal of entrained liquid. 
The first two h~ve been discussed earlier and shown to be negligible 
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whilst the condensate rate h~d ~n estimpted !l1?ximu!ll :'r..a.CCll.rac.:J· 
of 2%. However, the ~nAccurRcy involv~d in the cyclcn~ 
separators is r..ot e88Y to defin~. roc htlS becon calculated that 
90% of the droIllets la:i~~er in silt,e o~bem fOttT microna ";QuId ue 
removed by this technioue. On this uasumntion, an estim<'ted 
maximum e:'Tor in flov,,-rete of the order of 1% \-Tould be introduced. 
Another possible source of error could be in~~cTIrn~ies 
involved in reading the ther~~meterg. However, all three 
critical thermometers were N4 P.L. tested, ann it is thu3 
estimated that the maximum er-ror involved in tem"Peraturn measu!'e-
ment is of the order of 1%. 
The resulting tota~ estim8te~ error in the heat t!'ansf&r 
measurements is, therefore, about 4%, whilst it hes be~n 
previously estimeted that the error involved in the circulation 
rate is of the order of 5-6%. 
DISCUSSION OF RESULTS 
· :.-1 
CHAPTER 6 
There are three m~in sections of results from this investiga-
tion, and, therefore) they will be ~iscussed separately in order 
of heat trensfer retes, li~uie flowr~tee and composition changes. 
6.1. Heat Transfer Rates 
From the d8ta given here, figures 24 - 28, it can be seen 
that in general heat trpnsfer coefficients increase with submer-
gence. This is in ~greement with previous work conducted on this 
system by Calus (16). 
However, for mixtures with an inlet comuosition higher than 
60% (wt.) isopropyl ~lcohol, ~nd ~t low overall temperature 
differences (about 400 ), there is A tendency for little increase 
to occur in the film coefficients with further increases in the 
submergence after a certain noint. This occurs at about 40% sub-
mergence for the 7C'f'/o (wt.) isopronyl alcohol mixtures, and occurs 
at higher submergence for increa.sing isopropyl alcohol content. 
The effect of increasin~ temperpture difference is to increase 
the submergence at which the flRttening of the film coefficient/ 
submergence plot occurs, until a point is reached whence further 
increases in the temperature difference c~use a reduction in the 
film coefficient over the whole rBn~e of submer~ence. 
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For the mixtures with ~n inlet composition within the limits 
60-500;& isopropyl alcoho1, the picture is a little different. The 
film coeffioients incre~se over the whole range of submergenoe, 
there being no re~l sign of the levelling out of the film coeffici-
ent observed in the previous mixtures. In addition there is a 
tendenoy for the film coefficients to rise initially with increas-
ing overall temperature difference until ~bout 50oF, when they 
start to decrease again with further increases in the temperature 
difference. This last point is more noticeable in the case of 
the 500;& (wt.) isopropyl alcohol mixture. 
Below the 500;& (wt.) composition, there is a trend to revert 
baok to a similar profile to that obtRined in the high isopropyl 
alcohol mixtures (greater than 700;& (lilt.)). Initially, increasing 
overall temperature difference CRuses the film coefficien~at the 
low submergence to rise, whilst those ~t the high submergence 
rema.in virtually constant. The result of this being that increas-
ing temperature difference CAuses a flattening of the film coeffici-
ent versus submergence plot. After an overall temperature 
difference of about 70oF, this trend ceases and with further 
increases in the temperature difference, the film coefficients 
start to decrease. This is more marked initially in the low sub-
mergence ranges, the result being that at high tempera.ture differ-
ence there is a continuous increase in the film coefficient with 
increasing submergence. With further increases in the temperature 
difference, the film coefficients are reouced over the whole range 
of submergence. 
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These observations apply in general to the mixtures 
and the isopropyl alcohol runs. However, in the case of the 
water, the appearance is slightly different with regard to 
the effect of temperature difference. The result being t~~t 
an increase in temperature difference causes an increase 
in the film coefficient over the whole range of submergence 
until an overall temperature difference of about 500F is 
reached, whence further increases cause a reduction in the 
film coefficient. 
Therefore, in an attempt to identify the mechanisms 
causing this behaviour, it was decided to concentrate mainly 
on the water, azeotrope and pure isopropyl alcohol data. The 
reasons for this being thst no liquid composition changes 
occurred in these runs. With this in mind the results for 
the isopropyl alcohol and the water runs were plotted in the 
form suggested by Guerri and Talty, see figures 32 and 33. 
From these it can be seen that with increasing tempera-
ture difference, the ratio of measured heat transfer coeffi-
cient to the all liquid convective heat transfer coefficient 
decreases. Indicating the increasing effect of a convective 
type heat transfer mechanism, and the increasing vapour 
velocity causing the nucleate boiling component to decrease. 
This occurs 0ver the whole range of submergence. Another 
interesting factor that arises from this investigation, is 
that at constant temperature difference, the data for different 
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submergences is correlated by one straight lino up to a 
certain point, after which another line can be drawn through 
the remaining points. This would indicate that the change in 
results, brought about by altering the submergence can be 
accounted fQr by the change in vapour vieight "fraction and 
liquid fJowra te • 
The point o£ departure £rom one line to another occurs 
approximately at the same point at which the liquid rate 
drops Qff sharply. It has been £ound that projecting these 
lines back tQ their interse~tions, results in all the inter-
sections for the isopr0pyl alcohol runs occurring at a 1/Xtt 
value of 65, wtdlst those for water occur at a value of 
120. The corresponding vapour weight fractions at these 
points being 0.86 and 0.83 respective~. Bearing all these 
points in mind, it was thought that a change o£ £low type 
was occurring at this point. This is a logical assumption 
to make, for despite the occurrence of a sharp drop in liquid 
rate at this point, a plot o£ heat transfer against a pressure 
drop correlating parameter would be expected to indicate any 
radical changes in flow regime. 
In an attempt to justify this assumption, the e~uation 
developed by Quandlt (~4) for predicting the conditions at 
the change £rom annular to dispersed flow was used. This 
is expressed as follows:-
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where 
F 
r 
F 
r 
FT•P 
PL 
p 
= 
= 
= 
= 
= 
1 ) 
two phase Froude number, as defined in 
reference 54 
two phase friction factor calculated from 
data given in this paper 
liquid density 
mean two phase density 
The data for the water and isopropyl alcohol systems, for the 
point of departure from one line to the other, was then used in 
this relationship. The result being that the data for water 
coincided almost exactly with the boundar,y conditions between 
annular and dispersed flow, whilst that for isopropyl alcohol 
indicated the initial stages of dispersed flow. Unfortunately, 
this is not an exact method for determining the type of flow, but 
at least it provides a qualitative estimation. This change in 
the flow phenomena. would also explain why there was a sharp drop 
in the flowrates at this point. 
From the these plots, the following equations can be put 
I 
forward:-
For water, prior to the dispersed flow region, 
= 
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where C1 decreases with increasing temperature difference, and 
within the limits investigated here varied between 1.38 and 0.463. 
Whilst for the dispersed flow region, 
= 
where C1 varies(as before) between the limits 0.0022 and 0.000896. 
For isopropyl alcohol prior to the dispersed flow region, 
= 
1 
where C varies ~s before) between the limits 2.3 and 1.2 
Whilst for the dispersed flow region, 
= 
1 
where C varies as before, between the limits 0.216 and 0.107. 
The slopes for the lines in the area prior to dispersed floW' 
agree favourably for water and isopropyl alcohol. However, in 
the dispersed flow region, there is quite a marked difference 
in the slopes; this is probably mainly due to the fact that for 
water data, there were very few points for a line to be drawn, 
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and hence the slope could var,y markedly. However, for the 
isopropyl alcohol runs, there were far more points on these lines 
ana hence this is thought to be more accurate. 
It can be seen that the constants C1 var,y inversely with 
temperature difference and h~nce vapour velocity, so it is possible 
that this component signifies the decreasing effect of nucleate 
boiling. 
For both liquids, in the areas prior to dispersed flow, the 
constants C1 show the following relationship with velocity:-
Water C 1 = V 1.2 
A 
m 
Isopropyl alcohol C1 
where V is given by the following relationship:-
m 
V 
m 
= 
VEXIT - VINLET 
In V (...!ID: ) 
VJNLET 
ft/sec. 
From this it can be seen that the power for V is substantially 
m 
independent of the system, whilst the constant A TIould appear 
to be a function of the system in question, and also the weight 
fraction. However, it should be pointed out that this relation-
ship is severely limited and in addition, it has not been compared, 
as yet, with other data. 
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The data presented here show. the rather limited nature of 
the Guerri and Talty correlation in that some data points fall 
below this line. As the coefficients measured here are overall 
ones, there must be some nucleate boiling component present, if 
only small, and hence from the data presented no point represents 
the results of pure convective heat transfer. The results of 
Bennet however, would appear more accurate in that all experimental 
points are above the line, and hence have some nucleate boiling 
present. 
The previous presentation of the data, indicates the relative 
importance of convective heat transfer present in the total heat 
transfer. However, it would clarify the situation much more if 
the measured heat transfer coefficients were compared with those 
obtained in pool boiling under the same conditions. With this in 
mind, the data for water, the azeotrope and isopropyl alcohol 
were plotted in the form of heat flux versus film temperature 
difference. On this graph was then plotted the Rohsenow (36) 
pool boiling relationship, given by:-
= 
The results of this are presented for water, the azeotrope 
and isopropyl alcohol in figures 34-36. The reason for only 
presenting these three systems is due to the lack of data on the 
physical properties of the mixtures, necessar,y to calculate the 
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pool boiling relationship. In addition to this, the fact that 
the liquid composition is continually chnnging in the tube, 
complicates the picture even farther. 
In the case of the water runs, up to a film temperature 
difference of about 250 F, the heat flux at high submergence (90,10) 
almost exactly follows the pool boiling relationship. However, 
at this point there is a sharp change in the profile, and further 
increases in the temperature difference bring ver,y little increase 
in the heat flux. The point at which this change occurs is at 
a vapour weight fraction of abo·ut 25%. This compares with 
Bennetrs (34) estimation of about 15% for this point. This would 
indicate that up to a film temperature difference of about 250 F 
the heat transfer process is almost entirely one of nucleate 
boiling. However, after this point there is little dependence of 
the heat flux on temperature difference. This would indicate that 
convective heat transfer is becoming more predominant with 
increasing temperature difference, and is in agreement with the 
findings using the Guerri and Tnlty plot. Also under these 
conditions, there is ver,y little change in the two phase flowrate. 
Another point of interest is that for submergences greater than 
5Q%, there is little change in the heat flux at constant temperature 
dif~erence for increasing submergence. This is true in the 
region of supposed convective heat transfer where the flowrates 
under these conditions remain essentially constant. However, in 
the nucleate boiling region, decrease in submergence causes a 
small reduction in the heat flux. This is thought to be due to 
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the higher vapour weight fractions found in this area, causing 
nucleate boiling to be overcome at a lower temperature difference. 
E'or submergences below about 50% it can be seen that at 
higher temperature differences the heat fluxes start to decrease 
with further increases in the temperature difference. Also with 
decreasing submergence, the temperature difference at which 
this occurs is reduced; this could possibly be caused by the 
onset of partial dry wall conditions. 
These points also coincide with the onset of the 
supposed liquid dispersed region indicated on the Guerri and 
Talty approach. ThuS the start of partial dr§ wall conditions 
at this point is further evidence to support the supposition 
of an annular flow system changing to one of dispersed flow. 
The data for isopropyl alcohol, plotted in this 
manner, showed a somewhat different pattern as, unlike the 
case of water, there was no sharp change from nucleate boiling 
to one independent of temperature difference. However, it can 
be seen that at low temperature differences the heat transfer 
approaches that of pool boiling. It should be pointed out here, 
that the lowest film temperature difference investigated in 
this case was 300F with a corresponding vapour weight fraction 
~ 
of about 3~;; these conditions for water would pu~beYOnd the 
area where nucleate boiling predominated. From these plots, 
even at the lughest film temperature difference (920F), there 
was still an apparent dependence of the heat flux on the 
temperature difference. However, 
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this could be partially a velocity effect, in that with increasing 
temperature difference the two phase velocity increased. TIlls 
was not the case for water where it remained substantially constant. 
Additional support to this is given by the effect produced by 
reducing the submergence. The result being that one obtains 
progressively lower heat fluxes at corresponding temperature 
differences, accomprulicd by a lowering in the flowrate. The 
end result of this is that at very low submergence (about 6%) the 
heat flux is independent of temperature difference, the velocities 
under these conditions remaL"ling constant. 
In the isopropyl alcohol runs there is no evidence of a 
decrease in the heat flux with increasing temperature difference 
and constant submergence, and hence no d~ wall conditions. 
However, with water under these conditions, decreasing heat fluxes 
occurred. In addition to this, from examination of the Guerri 
and Talty plot, it has been predicted that the flow is in the 
liquid dispersed region, where it is expected that dry wall 
conditions would result. Three possible factors that could 
influence this are:-
Ca) the heat fluxes ,Iere much lower than those used in the 
water experiments under similar conditions. 
Cb) the vapour velocities are much lower tban those obtained 
for water, and therefore, the liquid is less likely to shear. 
Cc) the surface tension of isopropyl alcohol is much lower than 
water, and hence it would spread over the surface better, 
reducing the effect of dry p~tches. 
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It is appreciated, however, that these points probably do not 
completely explain the results obtained. 
The results obtained for the mixtures were also plotted 
in this manner to compare them with pool boiling, but it was 
found that there was an appreciable scatter of results probably 
due to the composition changes occurring. However, this was not 
the case for the azeotrope composition where the results obtained 
were identical in pattern to those obtained in the experiments 
on pure isopropyl alcohol. 
The general indication of these plots was that the liquids 
with low isopropyl alcohol content (less than about 50%) the 
patterns were similar to those of water, especially the composition 
(50,%) where the maximum coefficient was obtained. However, with 
further increase in the isopropyl alcohol content, the pattern 
progressively approached that of isopropyl alcohol. 
Though the effects of the various magnitudes of nucleate 
boiling and convective heat transfer, brought on by changes in 
temperature difference and submergence, were derived to explain 
the results obtained with one component systems, it is possible 
to extend these concepts to explain some of the results obtained 
with two component mixtures. 
The general effect of inlet composition on the film coeffi-
cients at constant temperature and submergence c'an be seen in 
figures 29-31. Thus, initially, increasing the isopropyl alcohol 
content causes a reduction in the film coefficient, and reaches a 
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minimum at about 10% (wt.). After this point further additions 
result in the coefficients increasing until a maximum is reached 
at about 5a}b (wt.), after which there is a contLl1uous decrease 
in the film coefficient with further additions of isopropyl 
alcohol. This effect is similar to thnt observed by Calus (16), 
except that the maximum occurs at 50.% (wt.) rather than about 
35% (wt.). In addition to this,- at this point, the coefficient 
is higher than that obtained with water under the same conditions. 
This pr0file is only obtained at low temperature differences 
and high submergence, a change Ll1 either causing the appearance of 
the maximum and minimum to diminish, until such a point when at 
low submergence and low temperature difference there is a continuous 
decrease of the film coefficient with increasing isopropyl alcohol 
content. The same being the result for high temperature difference 
and high submergence conditions. Two possible factors explaining 
this come to mind, theyare:-
(a) From the results obtained with electrically heated surfaces, 
it would appear. that the maximum effect on the heat transfer 
is due to the formation of a favourably sized bubble. How-
ever this would not be expected to have such a great effect 
in regions where nucleate boiling bec0mes less predominant. 
It has been shovm in the preceeding text that nucleate 
boiling becomes less predominant at the high temperature 
differences und also at low submergences. Using this idea 
developed with single component systems, one would eJPect 
that convective heat transfer is more predominant in these 
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regions of high temperature 6.i ffarence and. loVJ sub-
merGence. Therefore, the areas in vUlich convective 
heat transfer is thought to be 2.)redoillinant v".ould not 
be e::cpacted to sl10Yi -Chase maxima and nunim.tIa. 
(b) As mentioned :proviously, ther,:J 'was a marked change in 
tl18 liquid com,Dosition progressi VG1~T ul) the tube, tl1.sre-
fOl'S it is possib13 that this .Ll8J:imum v,oulcL be masl:ed 
by th8 lav:er heat transfer rates occurring at the 
other COIJ.I)osi tions. T;~is, incident ally, is p::. .. ooabl;r 
the r8aS011 VJl1Y the Lla::im.w11 fou..'1.d by Col us (16) occurred 
at a lovier composition. From the date. it can be seen 
that at high ter:r'..'para-cure di fferencos and aL so at low 
su bmerg'Jl1coS, t ~13 r3 is a greater E[> an betv.eon ·che 
inlet and outldt liquid cOillpositions. Thus, ~~he 
greater thG sp en obtaine d be tween those t-ViO compositions, 
the Greater would bs th0 liJaskillg of t:1.3 fj:a~:iHULl effect, 
resulting in Cl lO';h1rinG of the ov.:.1rall rJ.8at transfer 
coefficLmt. 
HovJovar, vihilst th:Jse resuJ. ts agroe basically ifJi th 
those of Calus, they bear qui te mar~:Go.. diffa:;:'ences to those 
obtained for pool boiling from o13ctrically heated surfaces. 
In particular is tho appoaranc8 of a IlllnimULl in th:j heat 
transfer coeffici3nt at 10%. UnforJeunately, no o:::plan-
ation can be put forviaI'cl to e:r.plain this anomaly. 
6.2 !!ig,uiC!:. Flov~rEl~eJ~ 
It v,as :Louncl thC:'_-G o.ecreasing submergonce and 
increasing te.cpsl'aturG cliffGrOllCe causod a reduction in the 
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flowtates through the evaporator, figures 38 and 39. In addition 
to this it was found that under the same c0nditions, the flowrate 
(ft/sec) decreased continuously with increasing isopropyl alcohol 
content. The first two observations can be explained if one 
considers the analogy existing between the flow phenomena existing 
in an evaporator and that in an air lift pump. 
If one starts from zero gas velocity one gets an increasing 
liquid rate with increasing gas velocity due to the reduction 
in the apparent density of the system. This increase continues 
until such a point where the increase due to the reduction in 
density is matched by the frictional head exerted by the two phase 
flow. After this point, increasing gas velocity causes a reduction 
in the liquid flowrate. This is obviously a simplification of the 
case, but a more detailed stu~ is given in Appendix IV where a 
model is developed to predict flowrates at various rates of gas 
injection at the bottom of the tube. 
Thus as the minimum exit vapour rates investigated here 
are of the order of 40 ft/sec~ it is obvious that the runs were 
made after the maximum point with the result that increasing 
vapour rate caused by raising the temperature difference, causes a 
reduction in the liquid rate. The preceeding argument also 
explains why there is a reduction in the liquid rate with reducing 
submergence. 
The maximum inlet liquid rate found here was 1.86 ft/sec 
obtained with water at an overall temperature difference of 20oF, 
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and a submergence of about 100%. 1J.1he corresponding maximum with 
isopropyl alcohol was 0.49 ft/sec at lOOp submergence with the 
vapour velocity approximately the same (60 ft/sec). The effect 
of vapour rate, submergence and composition can be seen in 
figures 40-42. 
Piret and Isbin (51) report flowrates for water and 
isopropyl alcohol in 1" electrically heated tube 4' 10" long. From 
this it can be seen that increasing vapour velocity causes the 
liquid rates to increase until a velocity of about 30 ft/sec 
for water, and 10 ft/sec for isopropyl alcohol, after which it 
decreases again. At this point the water rate is 3.1 ft/sec. 
and the isopropyl alcohol rate is 3.6 ft/sec. Thus these 
results compare qualitatively with those obtained in this 
investigation. It is interesting to note that at constant 
vapour mass rates, the liquid mass rate is approximately the 
same for both isopropyl alcohol and water. 
It can be seen from the data that at a particular 
submergence, there is a sudden drop in flowrate for a very 
small decrease in submergence. That this is caused by the ratio 
of vapour to liquid can be seen from the fact that at higher 
temperature differences this drop comes at a higher submergence 
where the liquid rate is lower. In addition, under the same 
condi tions, this point occurs at lower submergence with 
decreasing isopropyl alcohol content. This should be 
compared with the fact that at the same condition of 
submergence and temperature difference, the flowrates increase 
with decreasing isopropyl alcohol content. 
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Another factor which should be borne in mind when compo.ring 
the floVlrates of mixtures vii th those of the pure components is 
the type of flow produced. A ve~ important factor in this being 
surface tension. If, as in this system, the higher boiling com-
ponent has the higher suri'o.ce tension, then in a mixture ,)f this 
nature, a ve~ frothy type of flow will be produced. This can best 
be explained if one considers two vo.pour bubbles in close proximity 
to one another, and the liquid shell between them. Under super-
heat conditions, mass transfer will take place, and the more 
volatile component will pass into the bubbles, leo.ving the liquid 
shell weaker in this component. As the liquid is weaker, its 
surface tension will increase, causing liquid to flow into the 
arc between bubbles, and hence hindering their coo.lescence. It 
is possible that under these conditions, the usually accepted 
change of flow pattern from bubble to slug to annular will be 
changed to one of bubble to froth to annular with associated 
changes in pressure drop and heat transfer characteristics. 
6.3 Liquid Composition 
In genero.l, increase in the temperature difference for any 
bulk composition decreases the exit liquid and vapour compositions. 
This is true over the whole range of temperature difference 
investigated, though this change is more marked in the lower 
temperature difference ranges, see figures 43-48, and table I. 
Decreasing submergence causes a similar effect over the whole 
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range of submergence. However, at high temperature differences 
and low submergences, there is 0. tendency for the liquid compo~ion 
to rise again. This occurs in the regions where it has been 
predicted that dispersed flow is apparent. This would result 
in the liquid becoming dispersed in the form of droplets in the 
vapour stream, and under these conditions one would expect the 
heat and mass transfer to be reduced somewhat, resulting in a 
higher liquid composition. This ideo. is supported to a certain 
extent, by the fact that under those conditions more liquid is 
being extracted by the cyclone separators. 
The variations in composition caused by changes in submer-
gence and temperature difference, could be explained in the 
following. On the assumption that there is no back mixing in the 
evaporator cycle, the mass flo~rate will control the exit liquid 
compositions to a very large extent. This can be expressed in 
a simple mathematical form, by:-
Wx. Q 1 (W - Q)x 1 = Yo + ~ 0 
where: W = inlet mass flowra te Ib/hr, at compos-
ition xr 
Q = exit vapour mass flowrate Ib/hr, 
composition 1 Yo 
(W - Q) = exit liquid mass flowrate Ib/hr, 
composition 1 x 
0 
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At low temperature differences, W is large and Q is relatively 
small, cnd this would result in a comparatively high value of the 
. 
1 In 
exit liquid composition Xo - assurrdng the vapour and liquid areA 
equilibrium at the exit. With increasing temperature difference, 
the inlet mass rate d.ecreases whilst the vapour mass rate 
increases, thus causing a drop in the exit liquid composition. 
This approach would elso explain the observations that there was 
a greater change in the liquid composition with increasing 
temperature difference at the lower values of temperature dif-
ference than at the higher values. This being due to the more 
marked changes occurring in the liquid and vapour rates occurring 
in the former case. 
In addition to these points, it also accounts for the 
effect of decreasing submergence which results in the mass flow-
rates decreasing at a greater rate than the vapour rates. 
One of the assumptions made was that the exit liquid and 
vapour were in equilibrium which in most cases was not true, 
the vapour compositions being higher than those in equilibrium 
with the exit liquid. However, the difference was not great, 
and thus it does not affect the qunlitative picture. In an 
effort to explain the composition data more fully, an expression 
was developed, and this is presented in Appendix Ill. The 
approach assumed that the heat and mass transfer occurred in 
incremental steps, equilibrium being obtained at each step 
between the bulk liquid composition and the increment of vapour 
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produced from it. The result of this was that the exit va.pour 
was higher than the one in equili1J:riuEl with the exit liquid. 
The results of this ~a.n be seen in. figures 51-53. From these it 
can be seen that the v~pour values calculated by this mothod are 
higher than the experimental one::;, but follow the same trends. 
However, the values for the liquid nOillposi tion compare very well. 
It is interesting to note that assuming equilibrium between liquid 
and vapour at the exit, at high submergence the vapour composition 
compares very well with the experimental one, whilst at lower 
submergence it predicts a value below that of the experimental~ 
However, in none of these cases does it give an accurate prediction 
of the liquid composition. The indications from these results 
would appear to be that perhaps buth models are occurring at 
once, giving an average effect. 
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CHAPTER 7 
7.1 Conclu~~~: 
The follovling are the conclusions c.erived from this piece 
of work. 
In general, increase in the submergence causes an 
increase in t~ film coefficient for corresponding temperature 
differences, which is in agreement with previous work carried 
out under similar conditions (16). It has been found that this 
effect of submergence can be correlated in the manner of Guerri 
and Talty by considering the vapour weight fraction present under 
these conditions. Th%;l effect of temperature difference - apart 
from the case of water - is to cause a drop in the film coefficient 
wi th an increase in the temperature difference ( .... ,ithin experirr:en-
bl limits). 
These effects are due to the diminishing effect of 
nucleate boiling, with increasing temperature difference and decreasing 
submergence, and the accompanying increasing predominance of a 
convective type heat transfer mechanism. This is particularly 
noticeable in the case of vlater where up to a film temperature 
difference of 250Feapour weight fraction 251S)the mechanism is onG 
of complete nucleate toilii1g . Hovrever, after this point, there is 
a sharp change to a mechanism wh~h is virtually independent of 
increasing temperature difference. Also in the case of water, it 
can be seen that after about 5Q% submergence, there is no marked 
lllcrease in the heat flux with increasing submergence. This is not 
so in the case of the mixtures and isopropyl alcohol where an 
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increase L'l'J. submergence, causes an increase in the heat flux. 
Another point arising fr~m this investigation is that the 
powers of 1/ltt in the convective heat transfer relationship might be 
a function of the flow system. ThGre is a sharp break in the data 
on the Guerri and Talty plots for water and isopropyl alcohol at a 
vapour weight fraction of 0.83 and 0.86 respectively, after which 
the heat transfer starts to drop off. This is particularly so 
with water, where dry wall conditions are apparently starting to 
occur. There is some evidence to suggest that at this point a change 
from annular to dispersed flow is occurring, y;i th accompany:ing changes 
in the heat transfer rates. From this it is evident that the 
Guerri and Talty relationship is not a complete statem,:mt for con-
vective heat transfer, in that a nUIT.ber of the data points fall below 
this correlation. Honever, the Ber..net,:correlation gives a much 
better approximation. This could be caused by the power of 1/xtt 
being dependent on the flow system, as Guerri and Talty's work would 
appear to have been performed in the advanced slug flori region, 
whilst Bennet.
' 
s was in the liquid dispersed region. 
With regard to the effect of composition on the heat 
transfer rates, there is evidence of a minimum occurring at about 
1q% (wt) isopropyl alcohol and a m~~dmum at about 40-50%; this 
is in agreement with previous findings. However, increasing temper-
ature difference and decreasing submergence diminishes these effects 
until a point is reached when there is a continuous decrease in the 
film coefficient with increasing isopropyl alcohol content. This 
- 7lt -
would indic," te th'" t these r:1"xim~ o.nd 11tinirn[1l1 effects pr<::dcmin::tte in 
the nucle::tte boilin~ re~ioni 4n~ be~in to ~is~"pe~r when convective 
heat tr~nsfer becomes pred0min~nt. 
Within the limits of this investiF .. tion it w~s found th~t 
incre.':lsing temperltture ctifference co.used d-. drop in the flovlr::tte through 
the ev!\pcrtttor. This 'l,v(J.J3 shown to be cl\used by the increa.sed resis~ 
b.nce due to the frictional an~ velocity hel:lds brought dbout by the 
higher vapour r~tes. 
It \,lClS observed tho.t wi thin the experimentcal limi ts the exit 
v'!tpour composition Wl\S lO't'ler tho..n the vt\.Pour cOlTI'Oosi tion in ~quilibrium 
with the inlet liquid. In this investi~ation, this discrep!\ncy in-
creased with incre~sin~ temper~ture difference ~nd decre~sing subme~­
gence, ~nd w~s shown to be Et function of the exit liquid!\nd v!\pour 
ro.tes. 
7.2. Suggestions for Further Work 
One of the most obvious sugrestions for further work is with 
regard to the effect of isopropyJ. ~lcohol content on the he~t tr~nsfer 
rntes. This could be determined more fully in two wnys:-
(a) ~n investig~tion of the point he~t tr~nsfer 
coefficients along the len~th of the tube: 
~b) the use of lower temper'"'ture differences in the 
cnse of the mixtures. This would necesAitnte 
the use of some other he~ting ~edium in place of 
the ste~m used in this investig~tion. 
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In this manner, the variation of the heat transfer 
coefficients with composition in the nucleate boiling region could 
be determined. H01';ever, to correlate the point heat transfer 
coefficients, it i'lOuld be necessary to know the point liquid 
composi tions, "!;he evaluation of which could present some practical 
problems. This could be overcome to a large extent by operating 
under conditions where there is a low vapour vleig..i-J.t fraction. 
This would already be obtained ;;mrtially by operating at low 
temperature differences where the vapour velocities are lower, 
and hence the liquid rates higher. In addition to this, the use 
of a larger diameter tube viould be expected to give lower vapour 
weight fractions, and hence less change in the liquid composition 
between inlet and outlet. 
This form of investigation vrould also give additional 
information on the variations obtained in the liquid flowrates, and 
the inlet and exit liquid compositions. 
Another interesting line of L.vestigation would be the 
use of different binary mixtures, especially with regard to their 
surface tension.characteristics. It has been shown previously, 
that the system investigated here had characteristics so as to 
inhibit coalescence of vapour bubbles; so a system might be used 
where coalescence was encouraged. This would require that the more 
volatile component had the higher surface tension, for example 
Benzene/N-Heptane. This could possibly result in some change in the 
flow pattern, with associated changes in the heat transfer, liquid 
rates and inlet and exit compositions, 8S 8 result of the changed 
6urfpce tension ch~r·cteristice. 
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APPENDIX I 
Run No. 
H cm. 
C.F. 
QjA 
6. Tov 
u 
L\ Tf 
h. 
~ 
NOMENCLATURE FOR TABLE I 
Run Number 
Submergence as a percentage of the heated length. 
Liquid inlet temperature °c. 
Liquid outlet temperature °c. 
o Steam temperature C 
Outlet liquid composition %(wt) isopropyl alcohol. 
Outlet vapour composition % (wt) isopropyl alcohol. 
Entrainment liquid meter reading. 
Correction factor for Entrainment meter. 
Entrainment liquid rate lb/hr. 
Condensate rate lb/hr. 
Heat flux Btu/~rXft2} 
Overall temperature difference of. 
Overall coefficient of hent transfer, Btu/~rXft2J(°F) 
Inside film temperature difference of. 
Inside film heat transfer coefficient Btu~rlft2XOF) 
INLET COMPOSITION 0% (~n~) ISOPROPYL. ALCOI1_0L 
-_ ... 
. --------
'~ .. --.. ~.'-~-'--- ' .. 
% S TioC ° TsoC CL% Cv% H c. F, 
l~/It;-l~;~r-- Q/;-/J.TOV ---;-~ aIr, hi No. To C C!ll • 
--,,-~~-.- .... --~- .. -_._--- . -------_ .. -- ... _- ---_ .. _-_ ... 
---~-~---. --:-.~------.-.---
c64 94~0 103.5 100;5 118.5 0 0 4L1. ;9ry8 1+49.0 16.52 27100 29~7 898 19.5 1397 
c65 87.2 103.3 100.5 118 • .::; 0 0 38.R .986 403.0 16.65 32300 29.85 934 21.8 1486 
c66 81~0 102~6 100.~ 118.4 0 0 32.2 .979 353.0 16.40 29200 30.3.? 947 19.3 1516 
c67 73.1 102.4 100.5 118~t:; 0 0 26.4 .969 310 •. 5 15.58 27900 30.88 889 20.4 1372 I c68 63.8 102.1 :tOO~5 118~7 0 0 lQ.2 .970 240.6 15.03 27900 3L30 876 20.8 1342 
c69 49.6 101.6 100.5 118:5 0 0 lL4 :964 155.7 14.20 26860 31.4 8
1+4 21.1 1270 
C70 41.1 101.4 JOO.5 118.5 0 0 8.7 .969 118~0 13.81 26460 31.55 827 21.4 1231 
C71 31.05 101:3 100.5 118.5 0 0 7~0 .95 86~8 11.92 22840 31.65 7] q 23.1 988 
C72 22~7 1.01.3 100.5 11R.5 0 0 6.7 .943 75.0 JO.34 19820 31.65 6].G 24.2 816 
I C73 11.8 101.2 100~5 119.0 0 0 2.2 .943 14.0 13.92 2689 32.65 
8] <) 22.5 1195 
I c74 3.96 100.6 100.5 118.? 0 0 0.3 .9f3? 7.13 6.00 11594 32.65 349 28.5 405 
I c75 97.8 1v3:? ., oo~4 11.2.~ 0 0 41.4 .975 517.0 9.55 12580 18.8 659- 14.0 893 
I C76 88.0 103 ~ l~. 100.4 112.1:; 0 0 l~l ~ 0 ~ 979 l~92. 0 7.03 8380 19.08 432 16.0 522 
: c77 76.9 103~c 10o~4 '1.2; c; 0 0 4o~4 .988 '/+29.0 7.55 8600 19.42 436 16.3 526 
t C78 67~5 102.7 100;4 11?,.~ 0 0 32.'+5 ;9~7 358.0 R •. 205 13100 1,9.7 655 14.S 885 
I C79 62.0 l02.5 !.OO; 4 '12.~ 0 0 26.2 .987 299 9.55 16380 19.9 809 13.7 1194 I c80 52.5 102.2 lCO.'} 112.~ 0 0 17.9 .977 229.0 8.205 14600 20.15 714 14;7 998' 
I CSl 45~7 102.0 100.4 112.S 0 0 13. /1- .976 183.0 7.56 13600 20.3 659 15.2 893 
1 CS2 36~35 101.7 100.4 112.5 0 0 9.3 .966 128.3 7.035 13080 20.6 625 15:7 831 
! CS3 23.35 101.2 100. It '.12. ~ (' 0 6.8 .934 79.0 6.76 12900 21.05 603 16.3 793 
i c84 15;3 101.2 lOO.I~ 11?~ 0 0 6.6 .935 68;0 6.co65 12500 21.05 584 16.6 760. ~ 
I 6.67 J.oo~4 1.12.4- 11.47 8.2 15940 71:.5 1060 i c85 101.0 0 0 1..1. .g31 21.05 15.0 
: eSG 1.96 100.7 100. I! 112.~ 0 0 0.3 .969 6.35 6.55 12720 21.5 582 16.8 757 
! , 
I 
1 
L.-_ 
_ __ , ___ .~.,~. ~ ........ __ •• __ .... ~~ ___ •• ,.a_> .'.'~-_ 
.---. 
~ -. -.... ., -.--... ~ -.,- .-~- ...... >;.---~ ... -,- ----.----.-
INLET Cm1POSITION Cf/o (\'Tt.) ISOPROPYL ALCOHOL 
j-_._-----------------_._---
° TnoC 0 01 \'1 L H v 1 No. % S Ti. C Ts C CL% CVlO H cm. C.F. 1b/hr lb/hr Q/A ATov U AI]) hi 
C32 
c33 
C3L~ 
I c35 
I c36 c37 
c38 
c39 
c40 
C41 
C42 
c43 
044 
c45 
c46 
c47 
c48 
c49 
c50 
C51 
C52 
c53 
c5/t-
; c55 
c56 
c57 
c58 
c59 
c60 
I c61 
I c6~ 
C63 
100.0 103.6 
88~1 103.3 
79.6 102.8 
69.8 102;4 
57.5 102.3 
45~8 10L8 
35.4 10].4 
26.0 101. 0 
18.75 1cO.7 
10.7 100.5 
.. 
93.0 103.5 
85~5 103~2 
75.0 102.7 
64~8 102.4 
54.4 102~2 
44~Q 101.6 
34.6 101.3 
26.2 10: .. 0 
18.0 100.8 
9.17 100.6 
100 103.8 
92~1 103.6 
82. 75103~4 
74.4 I03.1 
60.4 102.9 
49.5 102.7 
39~0 102~5 
31.25102.3 
22.4 101.9 
14.2 101.6 
9 5 101. /} 
l. ,,7 100·9 
-,----- -------- ---- .-. --.---_._--_. __ ._._-_ .. _.. - . __ ._.- -.-.. ------_ .... _----- ---..-: 
100.0 
100.0 
100.0 
, 0(\.0 
100.0 
100.0 
100~0 
100;0 
100.0 
100.0 
99.9 
99.q 
99:9 
99. Q 
99.Q 
9?q 
9°.9 
?9. Q 
qr).9 
99.~ 
100.4 
100.4 
J 00:4 
J 00;4 
100.4 
100~4 
100.4 
100:4 
J 00.4 
100.4 
100,4 
100'4 
1·~r:;. J 
1.3 t" , 
1,L.7 
13h .3 
133.9 
134~3 
134.5 
1.34~ ~. 
134.5 
134.3 
129. 0 
130.2 
12Q~6 
1?0.5 
129.7 
129.8 
J2°.'7 
l29.~ 
129.$3 
1.2°.P-
12L~.~ 
1.24.4 
12'+. 4 
124.2 
12i.t.2 
1.24: 2 
124.5 
124;r:; 
1.24.5 
12u.3 
1.24.1 
J ~3· q 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
() 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
'7.8 
'7 0 
6.p, 
6;75 
6~7 
6~4 
1.75 
0.55 
0;51) 
0.5 
'7.5 
7.1 
6.9 
6.7r:; 
6.65 
6.5e 
1.00 
.~ 
.25 
27.4 
23.2 
1.!3.7 
15.P, 
1.1. 3 
o~o 
'7.3 
6;8 
6.7 
6.30 
L9 
0·3 
.955 103.0 
:937 a6.S 
.a31 8").8 
.938 76:3 
.933 74.1 
.934 55.6 
:95 12.95 
.972 9.0 
.q72 9~0 
.975 8. 1+ 
.940 
;952 
; 9
'
f-6 
~ 92/~ 
.927 
.931 
.926 
.958 
.9B6 
.992 
go.8 
P,9.~ 
84.0 
78.4 
7L1 
65.3 
13.72 
10·9 
8.48 
5.65 
.982 320.0 
;Q78 277.5 
.9P;2 238 
~985 210 
.97 2 155.R 
.959 121.8 
;946 92.7 
~ 9J+5 79.9 
; 931 71.; 0 
~941 43.6 
.934 13.1 
-986 G··fi2 
38.45 
3~.'!5 
3Q.6 
38.90 
37 .05 
35.35 
34.8 
33.6 
31.28 
28.4 
37.76 
3P'.7 
38:7 
37 ;65 
35.45 
35.65 
34.75 
33.15 
30.0 
24.95 
22.20 
22~20 
22:20 
22.20 
21.5 
21.25 
20.32 
19.90 
19.55 
20.6 
20.6 
11·08 
72680 
72940 
754Bo 
74480 
71100 
68040 
67244 
6'5040 
60640 
55004 
71480 
72500 
74080 
72100 
6800 
68620 
67420 
64120 
58172 
48244 
60.0 
60.2 
sQ.4 
59.6 
59.0,} 
60.0 ; 
60.9 
61.0 
61.5 
61.2 
50.7 
51.6 . 
50~9 
59.8 
51.0 
S2.1 
52.3 
52.5 
52.8 
53.0 
38700 40.3 
38600 40.3 
40200 40.5 
40700 40.45 
40040 40.6 
40060 40.8 
38660 41..5 
37920 41.65 
37340 42.0 
39320 41.9 
39430 41.75 
27?80 41 ~ 9 
1192 
1192 
1250 
1230 
1186 
1107 
1083 
10119 
971 
88'+ 
32.1 
32.2 
30.4 
31.0 
3L8 
34:5 
35.2 
36:2 
38.3 
40.5 
2260 
2260 
2480 
2400 
2240 
1972 
1916 
1800 
1580 
1363 
1383- 23.1 
1416 22.4 
1432 22.3 
1399 23.0 
1312 24:8 
1299 25.6 
1270 26.0 
1202 27.9 
1085 30.3 
3095 
3235 
3320 
3145 
2745 
2680 
2560 
2305 
1908 
1389 896 34.8 
945 
968 
978 
991 
970 
965 
9).8 
895 
875 
925 
929 
(lt3 
25.8 1510
1 
25.1 1575 
25.1 1600
1 
24~9 1634 
25.4 15771 
25.4 15721 
26.9 14lJ\2' 
27~ 2 13911 
27.9 13411 
27. 0 lL~60 
26.8 1h '70 
3?·~ ~S 
-mLET COMPOSITION 0% (wt) ISOPROPYL ALCOHOL 
Run % Ti °cl To °c Ts °c CL % Cv % WL VV Q/A L]To ATi' No. S H.om C.F Ib/hr Ib/hr of U of hi t (wt) (wt) I 
.1 
i 
r 
99.6 63.4- t C1 96.7 102.9 153.8 0 0 7.3 0.938 91.9 42.55 80166 94-.5 I 836 1266 i C2 87.4- 102:6 99.6 153.5 0 0 6.9 0.94-2 83.7 4-2.55 81360 94-.3 84-9 63.5 1280 I C3 76.9 102.4- 99.6 153.5 0 0 6.7 0.938 74-.4- 42.55 I 8164.0· 94-.5 851 63.5 1284 
·1 C4- 71.7 102.1 99.6 153.5 0 0 6.6 0.958 69.9 4-2.55 81720\ 94-.6 851 63.6 1284- : 64.4- 99.6 153.5 0 0 6.0 0.94-2 42.55 I 82210 853 63.7 , C5 101.9 23.7 94-.9 1290 f 
• c6 56.0 101.6 99.5 153.7 0 0 1.5 0.931 12.33 4-2.55 82370 95.5 84-9 i 63.~ 1280 t C7 43.6 101.1 99.5 153.7 0 0 1.0 0.965 11.7 38.55 75136 96.0 770 i 68.5 1108 : , C8 31.2 100.8 99.5 153.5 0 0 0.5 0.984- 8.4-6 34.2 64270 96.0 659 72.2 892 ! C9 19.8 100.4- 99.5 153.5 0 0 0.3 0.993 6.56 28.78 53286 96.6 54-8 77.0 700 I C10 9.6 100.1 99.15 153.5 0 0 0.2 0.996 5.276 20.40 39500 96.6 504- 82.5 479 ! 
-- - -.-.-f--- I 51.5 1520--·1 C11. 96.0 103.8 100.2 14-7.1 0 0 7.15 .944 89.5 4-1.2 78100 81.2 94-7 C12 86.0 103.4- 100.2 147.2 0 0 6.85 .952 83.2 I 4-1.75 7954-0 81.8 956 51.6 1543.1 C13 76.3 103.1 100.2 147.1 0 0 6.70 .951 95.5 4-3.2 82640 81.9 993 50*5 11642 t C14- 66.6 102.8 100.2 14-7.2 0 0 6.6 
.935 68.0 4-2.9 824-00 82.3 986 50.6 1625: , C15 57.6 102.4- 100.2 14-7.2 0 0 6.4-5 .936 60.75 4-2.6 81860 82.6 974 51.4- 1592 f 
c16 4-8.0 102.2 100.2 14-7.1 0 0 4-.3 .925 18.5 4-2.3 81700 82.6 972 51.7 1586 ! C17 38.1 101.8 100.2 14-7.2 0 0 1.0 .951 11.23 4-0.5 78296 83.1 927 53.5 1466 I C18 27.0 101.5 100.2 14-7.1 0 0 0.5 .927 8.36 37.05 7154-0 83.3 I 84-5 56.1 1272 I C19 16.7 101.1 100.2 14-7.1 0 0 0.35 .977 7.11 30.2 58466 83.6 688 61.6 947 C20 8.35 100.7 100.2 14-7.2 0 0 0.25 .994- 6.32 22.65 44220 84-~+51~ 67.9 651 ---- r--
--I-. I ~--1-'--_.-C21 99.5 10h.1 100.3 14-1.4- 0 0 7.05 .951 88.0 39.68 75360 70.5 1 1053 ltJ.5 1810 C22 85.0 103.5 100.3 14-1 .. 4- 0 0 ~.8 
.94-7 80.2 39.95 76200 71.1 I 1053 42.0 1810 C23 76.7 103.2 100.3 14-1.4 0 0 6.70 .94-7 75.2 40.1 76800 71.4 I 1059 42.1 1824-C24- 67.3 102.8 100.3 141.4 0 0 6.65 .94-7 73·3 I 39.9 76440 71.75 1051 4-2.1 18081 C25 57.1 102.4- 100.3 14-1.4- 0 0 6.60 
.933 67.9 39.6 76080 72.0 104-1 4-3.0 1777 < 
c26 47.7 102.2 100.3 14-1.4- 0 0 6.0 .941 23.66 36.1 764-70 72.3 1028 44-.1 1732 C27 36.6 101.9 100.3 141.Jj 0 0 4.1 .926 18.5 37.9 73160 72.5 0993 44-0.6 1643 C28 29.2 101.6 100.3 141.5 0 0 0.9 .976 .10.9 36.7 70836 73.0 956 4-5.4 1553 C29 21.25 101.1 100.2 141.4- 0 0 0.4- .986 7.58 34.3 66416 73.3 893 48.1 j 1388 r C30 13.1 100.9 100.2 141.0 0 0 0.3 1.00 6.51 30.25 5864-0 73.1 786 51.5 114-9 
C31 5.21 100.4- 100.2 141.4- 0 0 0.25 1.00 4-.77 I 15.17 274-20 74.0 365 64.1 426 i I 
I 
INLET CONPOS~_TION 10% (Ut •• ) ISOPROPYL ALCOHOL 
----
-No. . % S Ti6 C -TooC TsOC .-% CL -1b Cv HCm:--"C-:-F'~-~iL '---';r v- :--QjA' , . A-ifQ':V--U ATF hi 
Ib/hr Ib/hr -
• __ • __ .... w· ~_ .. _ ~_. 
C80A 93~0 90~8 91:7 JOQ~l 5:3 53:5 19.2 .98 234~5 20:8 24540 32.1 75#3 22.8 1072 
C81A 80~6 90~7 92;3 109;1 4~6 4q;0 16;0 ;97 208~0 19:4 23820 31.6 741 22.6 1050 
C82A 70;5 90.4 92~4 109:2 4:4 50;5 13.2 :97 178;2 18~7 22820 32.0 702 22.3 975 
C83A 59~1 90~1 92;9 109;2 4:0 49~0 10;4 ;96 143;2 17:1 21580 31.8 667 23.7 906 
c84A 47.2 90.0 93;5 109;1 3;8 46;0 8;6 ;96 115.2 15:4 20100 31.2 634 23.7 846 
c85A 35:0 89;8 94~5 109.1 3:3 i}2.5 6.85 :94 8L2 13;4 18580 30.5 600 23~5 787 
c86A 23~3 89~2 95;8 109:2 2:3 36~5 6:7 :94 74;4 10:9 16560 30;0 542 23.9 691 
C871\. 12.4 89.9 97.4 109.2 1.2 26.0 3.5 .92 17.1 8.2 13350 29.8 441 2Lf.8 535 
C73A 89~2 91.5 92;8 113.9 4;0 47;5 16 ... 4 ;97 211.5 24~4 30140 39.1 758 27.9 1083 
C741~ 77.6 91.4 93:2 114;J 3;~ L!6.5 14. t~ ~97 192;8 23;0 29100 39.2 731 28 .. !+ 1029 
C75A 69:4 91.1~ 93.7 114.7 3:5 44:8 12:1 :97 164;8 22.0 28520 39~8 705 29.2 978 
C76A 58~0 91.1 94;2 114;4 3;0 42;8 9;8 ;97 134~6 20~4 ~7440 39.1 690 28.8 950 
C77A 44.0 90.1 95;1 114~4 2;0 37;2 7~2 ;96 92.5 17.3 27120 39.2 679 29.0 930 
C78A 20.1 89.4 97~3 114;6 1.2 23;5 6.05 ;96 23.4 13;3 21950 38.2 565 30.1 728 
C79A 9.17 90.3 97.9 114.6 1.2 17.8 1.4 .96 12.5 13.4 23024 36.9 614 28.4- 812 
c26A 111.0 92.4 94;6 121;4 4;0 47.5 14.5 ;98 195;0 3Ll} 38860 50;2 762 35.6 1093 
C27A 99~0 92:2 95.1 121.6 3;0 42:8 12.7 ~98 174.0 29.6 39310 50.3 769 35.7 1108 
c28A 87;7 92;1 95;5 122;0 2h 41.5 11.2 .97 153;2 29.2 39540 50·7 ·767 35.8 1107 .. ) 
C·29i .. 76;l\- 91.8 95.7 121.5 2:5 40~5 10.0 ;97 138.2 27.1 37300 50.0 734 36.2 1037 
C30A 65;4 91.5 96.2 122~3 2.0 37.8 8~7 .96 117.0 26.2 37 lWO 51.2 719 37.4 1006 
C31l .. 52.5 91.0 96; ~5 122;0 2.0. 35;0 7.6 .95 97.8 24.1 35540 50.9 688 37:4 947 
C32A 38.0 90.? 97;3 122~3 1.8 31.0 6.~ .93 78.7 21.6 33200 50.7 644 38.3 866 
C33A 20.3 90.3 9Q;0 122:6 1.4 25·0 6.? ;94 75.2 19.0 31520 51.2 606 39.6 797 
C34A 2.82 90. l : 99.5 122.6 1.0 10.5 .38 .99 7.0 14.5 23628 48.7 478 40.0 589 
-------
. __ . __ '. _________ . __ . __ .. , .. __ .... _ ..___ ._ ... __ ._. ___________ . _____ . __ . .:..._ . _ . .:. ___ J 
Continued over 
No. 
C35i1. 
C36A 
C37I' .. 
C38A 
C391 .. 
c40~· .. 
C41A 
C4'2A 
c43A 
C4Lrli. 
C45il. 
C46[~ 
C47.'... 
C431i. 
c491 .. 
c50':~ 
C51'::.. 
C52: .. 
cS3;:. 
C54L 
c55~1. 
c5G.;,-
INI.ET COHPOS ITION 10% (\'It.) ISOPROPYL ALCOHOL 
_. ___________ . ..;..,. . ... --... -- --.--.----:'7-,,----~----
.6.Tov u .ATF 
--, 
hi i ~~ S TioC TooC TaoC % CL % Cv H cm. C.F. ~b/hr l~j~r Q/A 
~----,---~-~.-:-.-.- .... -... -:- --..•. -~ .. ~--... _, .......... --_ ... ,-.-.. -.-.. -.. --.. -~.-.. -.. -.--.-~ 
92.8 91.3 95:8 127~3 36.0 2.0 9~0 :q6 122~2 32.6 47040 60.7 762 43~1 1092: 
80.6 91.1 96;2 127;5 34~0 1;9 8~1 .96 103.8 31~5 46060 60.9 745 43.8 1059 
67~6 90.9 96;6 127:0 31:8 1;6 7;3 :97 90;2 29.4 44400 59.9 730 43.1 1028 
995 
986 
908 
881 
49.6 90.5 97:2 127~3 27;2 1.5 6:8 :95 80;4 27:4 43560 60.2 712 43.6 
37.1 90~2 97:6 127;3 24.0 1;0 6:7 ;94 75.0 26.2 43260 60;0 709 43.9 
23;25 90.0 98.2 12?7 19;8 1~0 6;45 .94 59;7 23.9 41040 60.5 668 45.1 
10.8 ~o.o 99.0 127.7 ~1~~0 0.3 .99 "6.5 22.0 39670 59.7 653 4~.1 
90~25 91.8 97.' 133.1 30;0 1:5 7.4 .95 95.2 35.15 53800 69:5 762 4E.6 1092 
73;4 91;3 97.5 133~1 26:5 1.2 6:85 ;~5 82.3 33.35 53000 69;6 750 5(.0 1065 
60.1 91.3 97:0 133:2 24:2 1.0 6.? .94 75.C 32.45 52860 69.6 747 45.5 1061 
46.1 91.2 g8.3 133.4 20;8 1.0 6:6 .93 68.0 31:0 50900 69.5 735 45.3 1038 
35.2 90.7 99..3 133.3 16:5 0.8 6.5 .93 61.8 29~05 50560 69.9 714 50.7 995 
21.8 90.1 gO.l 133.3 10.8 0.8 0.4 .qR 7.52 27.6 49716 69.7 702 51.0 974 
10.2 90.4 99.2 133.3 10.4 2 0 0.3 .99 6.54 22.0 37848 69.3 538 55.5 683 
98.0 9L9 97.6 13C1~1 2h~2 6:9 :"·4 83.8 39.3 64160 79.9 791 55.9 1154 
87.0 91:5 97.8 139:1 22:5 1.1 6;8 :95 80~4 38:7 63040 Ro.o 776 56.4 1122 
72:0 91~3 9~.1 139:5 20.5 1.0 6.? :94 75.0 38.0 63320 Po.6 773 57.0 1117 
64~8 91.3 98 :3 139:5 1~:2 0:9 6.6 .93 62.0 36.9 63000 80.5 770 56.6 1110 
50:2 91.2 9r.~ 13?;~ 15 ~ O.n 5~6 :Q5 21.3 36.2 62930 30.4 771 56.5 1110 
37:6 90:6 Q0·9 139.5 1'.:2 0;° o.~ .S~ 10.4 15.5 63P20 80.5 780 56.5 1131 
25:4 90.5 9~.0 13?:3 10.~ 1:4 0.6 00 ?2 31.7 57200 80:2 701 59.0 971 
12.5 90.2 99. 1 139.3 10.6 1 q 0.3 .?9 6.5 25.9 46910 20.3 576 62.9 745 I I 
i •_____ . ____ , ___ ._,._. ___ ..•.. __ . _____ . __ ...... _ .... _ .. __ ._._ .. _ ....... ___ ..... _______ ...•.• _ .... ____ ..... ____ . _ .•. ______ .1 
·:-----::--·--.~----~----7 -O,:---o;--·--·-·---·..:----:-~-1.J-i"""7--· vi --;--.-~.-:--.---.----.. -.-.-----, :--~-.-:--t 
}lO. /0 S T~ C To C To C I" CL IVCV H cm. C • .!!. Ib/hr Ib/hr ··Vn ~Tov U L ... F ~a ' 
------.. ----.---.. --.. ---.. --.-------~-.. -.... -.:.-.,--"'.-... --:------------- .. --'" ."-" ..... ... -.--- ----.- -----. -_ ... _--. -·--··--·t 
C57~ 91.4 91.g 98.0 144:4 20.8 1.0 6.75 ;93 76.2 42~4 70620 89.0 781 62.5 1132 I C581~ 80.0 91.8 08.3 lL~4.4 18.P. 0.8 6;65 ~9"7 70;8 41.0 69380 88.9 769 63.0 1108 I, 
I 
I 
C59~ 66.6 91.5 g8.5 144;c 17'0 0.6 6.t: .93 61.9 40.7 69740 89.1 771 63.0 1111 
C601~ 56.6 91.8 9g~7 ll~4.~ 12.5 o~B 1:8 ~94 12~9 41:95 73876 88.5 821 61.0 12].7 " 
C61.~ 43.5 90.9 c:;B. q 11.:·4.5 lL 2 LOO. 8 .97 10.4 39.5 70960 89.4 781 62.5 1132 
C62L 29~9 91.0 99.0 144.5 lc~4 1.5 0.6 ~99 9.2 34;2 61864 89~1 68~ 66.0 939 I 
C63~ 21.2 no.3 99~2 l44.6 ~O.2 2~r 0;3 ;95 6.5 29.4 53780 89.7 5GS 70.5 763 
c64A ~.5~ 90.3 90 .2 14A.5 J.X 6 0.2 .99 5.1 22.0 40OJ.4 89 • .5 440 75.0 534 
c65i~ 83~1!. 
c66;. 74.2 
C67i. 63.2 
c68£:.. 50.7 
c69l'. 39.6 
c70:. 28.4 
C7L. 16.25 
C72:~ 8.55 
C1:3 104.0 
C2:O 95.4 
C3B 80.8 
C4B 68~9 
C5B 53.-
C6E 39.2 
C?B 28.4 
91.7 
91.6 
91.3 
91.2 
91.1 
91.1 
91.C 
91.3 
88.2 
87.9 
Po7 : l~ 
86~7 
86~8 
86.2 
86.0 
98.8 
9Q.l 
99:1 
?oS'. I 
99;1 
0,S~2 
9,).2 
99.2 
1.'50~ 2 
150;4 
150~3 
"1.50. :-., 
'50:3 
! [;0. r; 
150 •. 5 
IS0.1~ 
lLJ·~O 0:8 5~2r::; 
lL8 0.5 1.0 
1l.:.0 0.8 0~9 
12.1 ': 0 1: q 
:1.0.0 '.2 0;6 
9; 8 1 ~ 0: I} 
9.8 1.8 0~3 
900 2.0 0.2. 
INLET COhPOSITION 20~~ C·Jt.) 
87.2 ~05;~ 12.0 69 20;8 
87.5 105.5 12·0 6g' 16.0 
87.6 105:~ 11,0 6~~~ 14:0 
87.7 J05;5 lO~5 6':,.0 12.2 
88~8 105.8 A.8 64.5 9.2 
90.6 i05:8 6.5 ~Q:O 7.2 
91.8 105.4 5.0 55.8 6.9 
: "l~ 20:5 46:8 81830 99.0 815 6g.0 1202 
.94 13~3 45~8 81404 99.1 801 69.0 1189 
;95 10.5 41~. () 79.32l~ 9°.3 785 6 .• 5 1144 
:95 10:5 39~3 69864 99.5 691 73.1 951 
;9g 9.3 36.9 67136 99.4 665 74.:5 90l l-
.99 7:6 33~0 59866 99.6 59l 77.1 773 
;0,9 6'r:; 
. -' 
27.'2 4947L:- 99.7 481 81.0 607 
.99 5.1 20.3 37200 99.3 36 ) 86.0 432 
ISOPROPYL ".J..;COEOL 
---- --
.j8 254;0 28:1 23400 31.8 734- 22.6 1037 
:98 206:5 2'7r: ,. 0 24100 32.0 74.> 22.8 1055 
:98 170.0 25;8 23660 32.4 72} 23.5 1008 
.98 165;8 24~0 22900 32:9 686 24.4 941 
~98 125.8 21.9 21720 31.8 671 23~7 916 
:96 91.5 19:3 21520 30.8 68q 22~7 947 
.95 84.1 17.2 20240 29.7 671 2J .1 916 
~--------------------------------.-... -
INLET CON:POSITION 20% (Ht. >- ISOPROPYL "'~LCOHOL 
No. 
C9B 
CI0B 
CIIB 
C12B 
C13D 
ClitB 
C15B 
c16B 
C17B 
% s 
93.0 87.8 
80.5 87.5 
65.6 87.1 
54.6 86.9 
43.2 86.6 
33.3 86.3 
16~8 86.0 
12;7 85. 0 
6.51 86.0 
eg.7 
E9.0 
E9. ~:; 
~0.1 
SO.'7 
S1.5 
~3.7 
94.5 
95.3 
110.0 
110;1 
110.1 
'.' 0:]. 
11.0~1 
P.O.1 
11.0.1 
11.0;1 
IJ.0.1 
6.2 
5.4 
3. ,P.. 
3.2 
2.8 
c18B 96~2 88:1 90;9 l1A;2 6~b 
C19B 83.3 87.8 91~4 118.3 6.0 
C20B 68.2 87.4 92;0 118;5 5.4 
C21B 56.4 87.1 92~6 118.6 5·0 
C22B 11-2.586.8 93.3 ~~.8;5 4;2 
C23B 31.6 86.3 94.2 p8;6 3.2 
C2~B 20.1 86.1 94.4 118;6 3;0 
C25B 10.2 86.0 94.6 118.5 2.8 
C26B 99~5 87.9 91.6 124;0 4~5 
C27B 81.5 87.2 92~3 124 0 4.4 
c28B 70;0 86:r 92~7 124~1 4~0 
C29B 59:1 86;5 93.1 124;~ 4;0 
C30B 48~0 86:0 94;5 124:~ 30 
C31B 35~5 86.1 95;8 124.5 2.2 
C32B 23;0 86.0 96:9 ].24~t) 2;0 
C33B 11.1 86.1 9R.0 124.6 3 0 
----
65.5 12.4 
64.4 1.1.0 
63 e' t). 6' (.' 
" • I) 
6Lt: 8.R 
60~0 7.Q 
·G~2 7~2 
1:"6;0 (;;8 
43_~"5 6; 65 
40.5 6.55 
6LO 10~5 
59.2 9.5 
5rJ. 0 ~L 4 
":5·0 
":0.6 
47;0 
44.0 
IH.O 
7.S 
7.2 
6.9~ 
6.80 
6.7 
57;0 10.2 
54.2 8" p~~ 
53.0 8:1 
51.0 '7;6 
1-:-3,0 '7' 0 
38;0 6~75 
31. t: 5.6 
23 0 0 .. 8 
------.--.----.----f. 
WL \-lv 1"\/0 
C.F._2.b/ hr . Ib/h:r:. __ "tI_.t1. __ ~_T~~_~ __ 6:_T_F_ hi 
.97 168.0 
:97 147~2 
;96 131.8 
;06 11"8;0 
~ 96 ].03.2 
;96 9L5 
.94 79.5 
~94 71. 6 
.94 65.7 
~96 142;2 
~96 127.8 
.97 112.2 
~97 103.1 
~96 91. 7 
;95 84.9 
.95 78.1 
.94 73.2 
.96 140.2 
.96 D.0.8 
.()6 106.8 
.°6 98.5 
:96 8'7.2 
.S4 77 .5 
;07 2L7 
.?7 10.2 
31.8 
30.5 
28. l ,. 
26.7 
25.2 
22.1+ 
19.1 
17.8 
15.9 
29100 
29660 
28760 
28260 
27220 
25820 
25720 
25140 
23040 
35;7 44240 
34.5 44240 
33;0 43800 
30.8 42020 
28.1 40400 
25.6 38780 
23~1 36550 
20.6 34800 
40~3 44900 
37.8 44240 
36;2 43160 
34.3 1+2760 
31.3 42700 
28.8 418L!-0 
26.7 404l to 
2I~.I~ 39880 
39.1 
39.1 
39.0 
38.8 
39.6 
38;1 
36.4 
35.9 
35.0 
51.6 
57.6 
51.8 
51.7 
51.2 
51.0 
51.0 
50.9 
61.6 
61.6 
61.8 
62.2 
61.6 
60.4 
59~5 
58.6 
761~ 
74') 
72() 
71-' 
6T' 
66G 
694-
68q 
648 
844 
844 
832 
800 
776 
748 
717 
684-
718 
706 
688 
668 
681 
681 
669 
669 
26.6 
28.0 
28.2 
28.3 
29.4-
28.5 
26.9 
2f .5 
2E.4 
3~ .9 
3l:.9 
35.2 
35.6 
36.1 
36.5 
36.6 
37.0 
44.7 
45.1 
45.6 
47.1 
L~5. 9 
44.9 
44.4 
43.7 
1095 
1062 
1019 
1000 
925 
906 
957 
947 
874 
1267 I 
1267 I,. 
1243 
1171 I 
1120 I 
1062 ! 
1000 ! 
940 I 
1004 I 
981 
947 
907 
932 
932 
912 
912 
___ .. ___ • __ ~._. _______ ........ ~ ____ ._ - ., __ .. _ . __ .... - ._.0_', ' .. __ . ___ ••. _ .. __ _ 
Continued over 
INLET CCI1POSITION 20";6 (Ht.) ISOPROPYL ALCOHOL 
C34B 
C35B 
C36B 
C37B 
C38B 
C39B 
C40B 
C/1-1B 
C42B 
c43B 
c44B 
c45B 
cl~6B 
c47B 
c48B 
c49B 
C50B 
86~0 87.0 
74.4 87.3 
6LO 87~O 
50.5 86~6 
38.1 86.4 
26~9 86.~-
18~65 86.2 
7.6 R6. L~ 
94.7 
95.2 
96.1 
96~4 
97~2 
88.0 
98.1 
98.4 
90.0 87.2 94:3 
77.6 87.1 94.7 
69.4 87;1 95.4 
55:3 86:7 96:1 
44.6 86:4 96.9 
36.4 86.3 qry~L~ 
20.58 85:3 9ry.6 
10.4 87.0 97.7 
2.46 86.75 9'7.9 
130.1 
130.1 
130.1 
130.1 
130~3 
130.1 
130~1 
130.3 
135.0 
1'35.0 
135~0 
135.0 
135.1 
13::~1. 
135.1 
131:;. ,r.; 
13~.6 
C51B 90~8 86.ry °5~8 141~2 
C52B 78.6 86~4 9~~~ 141~1 
c53B 65~1 86.2 96 0 1h1:4 
C54B 56~9 85~q 96.7 141:4 
C55B 45;6 85.8 gry.2 141;~ 
C56B 33~65 85;7 97~5 l~l.S 
C57B 21.8 85~3 97.7 l~l;S 
C5SB 10.2 85.2 07.8 141.4 
18.8 
18.8 
12.13 
18.8 
19~0 
19.0 
lq~O 
19.0 
11-3.5 
1{-0.2 
39.0 
34:5 
3L2 
24~5 
22.0 
21. 0 
3~ 0 1~5.C 
3.0 43.5 
3:0 4LO 
2~8 3'7~2 
1. 8 32. L!_ 
1. 0 22.0 
2.0 20.0 
1.~) 20.0 
7~2 
7.1 
6.9 
C7 
6:55 
L9 
0~8 
0.5 
~97 
.96 
~96 
:94 
:95 
:96 
:98 
.98 
'7:2 :95 
6.g5 .95 
6.85 ;95 
6. 7 ~ 95 
6.2 .95 
1.0 :q6 
0.'7 .98 
0.6 .99 
0.5 l.00 
92.6 
89~ l~ 
83:7 
7L~.4 
66.4 
13.3 
10.1 
8.3 
91.1 
85.4 
82.4, 
75.2 
30.8 
11.4 
10.2 
9.56 
,8.5 
1.6 32:5 6:A5 
L3 20 0 6. R 
L3 26.0 6.6 
L9 21.5 3.° 
.95 82:6 
:95 Po:4 
2 0 20. R :t' Cl 
2.8 20.g 0:75 
3 - 20. 2 O~ 6 
1.9 '73.5 0.3 
.97 
:<:"'~ 
.99 
69.3 
18.3 
11.4 
10~3 
9.3 
6.8 
Q/A L\Tov U DTF hi 
._--_._-----_ .. -------
39:6 
39.0 
37:0 
35~3 
33.7 
3L8 
29.4 
22.9 
!t,2: 5 
4L2 
39~6 
37.5 
36.8 
34.6 
2°:6 
26.0 
20.0 
53840 
54260 
52600 
52760 
52100 
51230 
48496 
38160 
55780 
55096 
54780 
54328 
55198 
57020 
49758 
43612 
33712 
70:6 
69.9 
69.4 
69:5 
69.3 
68.2 
68.2 
68.2 
79.6 
79.3 
78.7 
78.4 
78.2 
77.8 
78:7 
77.6 
77.9 
749 
764 
746 
747 
740 
740 
700 
550 
689 
683 
685 
681 
695 
721 
627 
553 
426 
47.5 70936 89.9 777 
45:0 68120 90.0 745 
43:7 68426 90:5 744 
42.3 67206 90.1 734 
40.1 66322 89.7 727 
34~5 57456 89.8 630 
27.5 45914 90:0 502 
20.1 3385~ 89.8 371 
50:4 
49.6 
49.6 
49.7 
49.7 
49.0 
50.e 
,54.1 
58.9 
58.9 
58.4 
58.3 
57.6 
56.5 
59.6 
6L6 
65.7 
62.4 
64.4 
64.8 
65.0 
65.0 
68.5 
73:1 
77.3 
1068 
1095 
1061 
1061 
1049 
1048 
969 
705 
949 
937
1 
940 
934 
959 
1010 
835 , 
708\ 
513 I 
1123 
1058 
1056 
1035 
1022 i 
839 I 
627 ! 
'+35 I 
I 
Con tinue d ovo-i-- -------' 
INLET COHPOSITION 200fo (l{t.) ISOPROPYL ALCOHOL 
No. % S Ti°e.; TooC TsoC % CL % Cv ~f L . vI v A 1-----,-------..----------- ___ H cm. C.F. Ib/hr 1b!hr _:y. __ 
C59B 
C60B 
C61B 
C62B 
c63B 
c64B 
c65B 
c66B 
C67B 
c68B 
104.8 85.3 
105.8 85.3 
92~4 81~.7 
79.4 84.3 
68. 6 84~ I!. 
55.6 84.3 
44.0 P3.9 
33.1. 83.5 
2LC 83.2 
8.12 83.2 
97~0 
97~0 
97~4 
98.0 
98;0 
98~O 
9~.1 
98~0 
97:9 
98.1 
1.47 ~ 6 
147~6 
147~7 
14?~7 
147~7 
ll~8; 0 
148~1 
ll~7; ? 
J.4?8 
11~7. '7 
46 .. 0 23~0 
58~0 2q;5 
57;8 27.'5 
~·5.0 23~ 0 
48;0 23~0 
42;0 22;0 
40;0 21;9 
37~0 2L8 
35.0 22.0 
30.0 21.0 
3;5 
6;8 
6;6 
L45 
L5 
L1 
0.95 
0;8 
0.7 
0.6 
:96 17.8 
.95 80~7 
:95 69~4 
:96 12:7 
;96 12.7 
~96 1L5 
~97 ILl 
:97 10;4 
~98 10~0 
.99 9.3 
57~9 
52~5 
51.9 
51.5 
4"8;6 
43~7 
38:8 
33.8 
27.5 
18.9 
92400 
78800 
81700 
82400 
76550 
70800 
62950 
54800 
44600 
30950 
I1TL:ET COMP03ITION 39% (Ht.) ISOPROPYL ALCOHOL 
ATov 
99:3 
99.3 
99.7 
99.4 
99.4 
100.0 
100.5 
100.2 
100~8 
100.4 
CID 108.0 85.3 83.4 102~~ 31;0 75.0 1i.45 ~99 153.9 29.1 26958 3~~0 
C2D 89.0 84.9 83~6 102;3 27;0 74.0 8.? .99 115.7 29.0 26980 32.1 
C3D 77.6 84.6 83.6 102:2 27.0 72~0 7~95 :99 103.5 28;8 27848 32:6 
c4:o 62.0 84.2 83:7 102.2 26~0 72;0 7.2 ~98 91.4 27.6 26860 32.9 
C5D 49.5 83~~ 83;9 102.4 24.0 72;0 6;85 .98 83;0 26;5 26092 33.4 
c6n 36.2 83. f, 8L 3 ),02; ? 21" 0 '71.; 5 6; 6 : 98 77.1 25.2 25168 33. is 
C7D 22.5 83;0 80.5 102;8 1B.8 70.0 6.45 ;9~ 53.2 20.8 21236 34.2 
C8D 10.1 81.6 7Q.l '.02.9 15.0 6~.0 4.2 .98 19.0 14.2 14.546 34.8 
C9D 
ClOD 
C11D 
C12D 
C13D 
c14D 
C15D 
c16n 
100.6 84;6 
e9~6 84~4 
75.1 83.6 
61.6 83~4 
50;2 83.2 
35~8 83.0 
22.8 82.9 
9.4 82.5 
83.8 11L8 
84.1 112.1 
84;2 112;1 
84~6 112;1 
85;2 112.3 
86.4 112:2 
86.9 112. It· 
90.9 112.3 
26;0 72;0 
23.0 72.0 
21.0 72;0 
20~0 710 
17.0 70.0 
13;0 67.0 
12;0 65.5 
7.5 55 
7;8 
7~25 
6:9 
6;7 
6~6 
6:5 6:45 
6.4 
:98 101.6 
:98 92.2 
;98 84;~ 
;q8 75.8 
;9769;lj· 
~?7 66.7 
~97 60.7 
.97 53.3 
38.3 
38~0 
35.7 
34;7 
32.:-' 
29.'l 
27~8 
21.0 
35258 
36622 
34834 
34384 
33264 
31906 
30344 
26570 
49:7 
50.1 
50;8 
50;6 
50.6 
49~5 
49~5 
46.1 
u 
930 
793 
820 
829 
771 
707 
626 
546 
444 
308 
t\TF 
62.8 
68.1 
67.3 
66.8 
68.9 
71.9 
74.6 
78.5 
83.0 
88.2 
770 24.3 
780 23~6 
799 23.8 
769 24.7 
739 2II-.-
713 25.3 
596 27.3 
405 30.1 
704 
699 
658 
652 
630 
617 
586 
565 
36.2 
37.9 
39~2 
39.1 
39.7 
39.2 
39.6 
36.5 
hi 
147 
1159 
1216 
1232 
1112 
985 
833 
698 
538 
351 
1109 
1131 
1171 
1105 
1048 
997 
78-0 
.·483 
976 
966 
889 
880 
8391 816\ 
7661 
728i 
{ 
-----_ .. _---_.- .. ~-- ._--- ...... - .. ,,-- ._.- - ..•.... , .... - .... -.---.. , .. "'. -'---"-- .~-.--... _. __ ..... ----,-
continued over 
INLET COMPOSITION 3q% ("Tt. ) ISOPROPYL ALCOHOL 
... 
______ ,._._'~ _, 0" ,_ .. _ .. _ .. _~.~ __ .,_._ •• _~_~._ ......... _-
". ·'-----~-W L 
~~ S TioC TooC TsoC % CL % Cv 
\'1 v Q/A No. R cm. C.F. Jb/hr 1b/hr ATov U t:..TF hi 
C17D 92.3 83~9 84~5 JJ.'7.R 19;0 70 0 ?~05 ~q7 88.2 44.5 42972 60.2 700 44.4 968 
c18D 77.3 83~5 [U~~ ? U P ,l 1'1.0 70~0 6:8 ~97 80~7 42.4 41160 61.2 663 45.8 899 
C19D 66.5 83~'2 R~~3 llJ~~l 16;0 69~8 6~7 ~q7 75.6 40.5 39826 60.9 644 46.0 866 
C20D 50.9 82~8 86~4 118~3 12~0 66~0 6~55 ~97 67~3 37.4 38968 bU.7 Dj1 46.1 844 
C21D 38~4 82.6 87~9 1J.8.3 J.O;O 63.5 6.5 .97 64.,5 34.7 37B40 59~5 627 L~5.3 836 
C22D 27.6 82~4 89.3 11'<="; ~]. 8 0 59.5 6; L~5 ;96 60~6 31.3 36402 58.1 616 L~4. 6 816 
C23D 18.8 82~4 ~n~2 118.1 6.5 5L~; 0 6.35 ;96 50.6 29.2 36438 56.3 637 ~~.8 851 
c24D 5.7 81. l :, "3.1 118.6 9.5 L~5.0 2.5 .99 15.3 1~L1 2t:-740 56.4 431 l:7.5 520 
C25D 96~0 f33~8 85~9 12l~.1 14.0 67;0 6~75 .97 80;0 50.0 50532 70.7 703 "" ° 975 ..,. .'~. ;I 
c26D 79~O 83.3 86;7 12h;5 11:0 66:0 6.r:-;5 '0"- 72.5 47.7 49120 71.1 677 .: j. 0 926 • .1 0 
C27D 69;0 83. :' 87.6 124;7 10.0 64;0 6;55 ~96 66.7 46;2 49162 70.8 684 ; 2.l~ 939 
c28D 58~4 8'3;5 89;7 124; II '7', 50,·0 6. !"5 ;96 :::6,7 41.1 1+6904 68;1 677 50.6 926 , .. / 
C29D 45.4 83.1 9L2 121+; 7 6.3 54.0 6.4 ;96 34;1 37;2 45094 67.6 655 51.0 885 
C30D 32.1 82;9 92~4 1211-.8 6,0 4fL5 6. Lt .97 20;lj, 33.7 43406 66.9 639 50.8 855 
C31D 19;0 82;6 93:2 1?4;6 7.8 1.1-6'0 6; 2,1:: 1.00 12.4 28.2 37242 66~1 555 52.ll- 711 
C32D 9.7 82.4 93.3 124.8 9.8 44.0 6.2 J CC J.l.1 21.3 29008 66.5 1:-30 55.9 519 
C33D 92:5 84.6 89,9 130;7 8~5 62;0 6.65 .96 72;6 50.7 55442 73.2 697 57.4 965 
C34D 79;0 84.1 90;1 130;5 7 ~ i t;0 r-: r:.C) :'96 64~3 47.1 53364 78.1 G711- 57.9 921 ~/ ... 
C35D 65.2 83;9 91.1 130.5 64 5~.' 6 .1~ .96 56.9 l~4.5 53252 77.4 177 57.6 925 
C36D 51.2 83;6 Q2.4 130.5 6,0 51.0 ~" R, 'Oh 20.2 41.7 51~36 76.5 
-c ~ 57.4 905 .. \:~ '.}O':> 
, C37D 39~Cj 83~4 93.3 J30~3 6 0 1-:6~ 5 L9 .S7 13~7 38.1 49826 76.4 642 57.9 861 
C38D 29:9 83.2 93. 11- 130~7 7'0 1{5.5 L2 .9g 11~9 33.6 44522 76.3 'i74 59.9 744 
, 
I 
C39D 14~5 82.E 93~7 130~8 9.0 l~l~ ~ 0 0.9 1:00 JO:9 25~7 34'P'oo 76.6 l~47 64.1 543 I c40J) 8.4 82.c 94.1 13G.7 J.O.5 11-3.5 0.7 , 01 J.O.l 18.3 23420 76.1 .>03 (3.1 344 ! 
-------..... ~---- --------
INLET COMPOSITION 39% (vlt. ) ISOPROPYL ALCOHOL 
--.. ---
_______ ... ~~ ____ . __ • __________ ._.t .. ~_ .. _ 
----_ .. ..----_._-
Tioe TooC TEloC IT "1 Y.b'hr Q/A No. % S ~(, CL ~G Cv H C'·". C.F. rb hr Ll.Tov U c.TF hi 
----
-----;-... -. :---;: .. - ... -~-.--...-..----:----. _._--_. -..... - - --.-. -----. --_ ..... - ..... _---. ----------~ ... --
C41D 9Ll 84.3 qO~5 136.6 6~5 5g;0 6;5 ;96 64~1 53~5 60728 88.6 674 66.0 921 
C42D 78.7 83.f CLl 136.7 6:0 56.0 6~4 ;96 57~9 51.5 60392 88.7 669 66.4 910 
c43D 68~4 83~L:- 9J.~8 13'7;2 5~5 53.5 6.3 ;96 42;9 49~8 6016R 89.3 664 66.8 901 
c44D 5L5 83:9 93~6 136;6 5~5 46~0 1.0 :97 11.3 41.5 54022 86.1 618 66.1 818 
c45D 3L2 83;6 93;8 136;8 5.8 L~5: 0 0.9 ;98 10~8 38.2 50366 86.6 570 68.1 739 
c46D 12.3 82;9 94~4 137;0 6.5 42.5 0:6 .99 9.2 24.3 33210 87.0 376 75.9 438 
c47D 4.2 83~1 94:4 136.9 11.0 42.0 0.4 LOl 7.8 19;0 25920 86.7 294 77.8 333 
c48D 19~5 83;2 94:2 136~7 9:0 44;0 0;8 0.99 10;5 30.2 40380 86.4 462 71.2 566 
c49D 88~7 84.5 92;5 142;7 5;5 5L5 4.9 ;96 20;2 62.0 75328 97.5 76Q 69.4 1089 
C50D 71~6 84.1 92;9 143;0 5.5 50.5 3.05 ;96 16;4 56;7 69886 98;0 701 72~0 970 
C51D 53;5 83~7 93;3 lL~3; 6 6~0 49.0 2~0 ;97 13.7 47.7 6000 99.2 595 77;0 
780 
C52D 79.6 84;3 93.1 143.3 5.5 50.0 4~25 :96 18;9 57.8 71656 98;2 719 
71.1 1007 
C53D 61.1 8'4.0 93~0 143:2 5.0 49.0 2;3 ;96 14:3 52.3 65672 98.5 655 73.9 
889 
C54D 43.5 83.3 93.1 143.3 51:; 49.0 L8 ~97 13.1 42.6 53720 99.2 534- 79.3 
678 
''/ 
C55D 29:4 83~1 93;1 lL~3;4 6.0 48;5 1.1 .97 11.7 33.7 42886 99.5 423 
84.3 509 I C56D 11.3 82.7 93.4 143.7 8.0 47.5 0.7 .99 10.1 22.3 28824 100.2 284- 90.1 320 
INLET COHPOS.ITION 600;6 (Ht.) ISOPROPYL ALCOHOL I 
83~e () . 43.0 6:8 38;0 36.4 863 24;3 1324 CIF 98:4 l)2.0 103~'2 79;0 1.00 79.2 32172 I 
78~3 83;4 82;2 103;3 38;5 '79~0 6:55 LOO 67.0 36.2 31066 36.8 83) 25.1 1237 
i 
C2F I 
C3F 65;9 83:1 82'1:; 103:1 34.0 78.0 6;4 1.00 56.8 35.3 30998 
36;5 835 24.8 1249 t 
.. ' I C4F 55.5 82;7 82.5 103.4 34~0 7~.0 6;4 1. 00 56.9 33~3 29502 37.3 775 26.3 1120 
C5F 43:1 82:4 81+~1 1.04.1 22;5 76.0 2;8 1.00 16~1 31.2 
27880 37 ~ 1+ 73? 27.0 1032 I 
C6F 28~6 82:2 85.6 104:1 17:5 73.0 LO 0.99 11.1~ 27.5 25838 36.3 
70) 26.7 970 , 
C7F 20.3 82.0 87:2 104.1 16.5 ','0.0 0;6 1.00 9.3 24:9 
24486 35~0 687 25.9 946 I ! 
c8:? 6.0 81.7 89.7 10l~ .Lf- 26.0 62.0 0.3 1. 00 6.6 14.3 
16020 33.6 461 27.8 576 i I 
I --. -----
______ 1 
"--
INLET CONPOSITION 60% (lJt.) ISOPROPYL P.LCOHOL 
No. ~; S TioC TooC TsoC % CL % Cv li.Cm. C.F'-~b/h-r-- ~bihr r:;;;'-6.;~-;--- ;-~TF - hi 
-~--'-. -. .. _-----:--._--- --: -~.-.... -.~ .. -.-- -_.,.. ... -.---_._.- - ---... -... --";-.. - . __ . __ ._ .... __ .... _--_ .. _--_ .. _---_._----_ .. _-
C9F 
ClOF 
C1IF 
C12F 
C13F 
c14F 
C15F 
C16F 
C17F 
c18F 
C19F 
C20F 
C21F 
G22F 
C23F 
C25F 
c26F 
C27F 
c28F 
C29F 
C30F 
C31F 
C32F 
91.0 83.7 83.9 114~? 
78.1 83;5 B5~7 116~1 
66~9 83.2 87.0 116.0 
54.9 82~9 83:3 116;1 
42;3 82.7 88.9 116;0 
22.0 82.2 89.2 115.9 
17~4 82~1 89~3 116.2 
7.8 B1.8 89.8 116.2 
85~6 84.1 
73:9 .84~0 
62~4 83~7 
49.5 83.2 
32.2 82.8 
22.7 82.4 
9.B 82.? 
90.5 83.7 
7B~2 83~l:. 
68.2 83.2 
55.1 82:g 
45.1 82. f) 
35~0 82.3 
24.6 82.2 
10.0 81.~ 
r7:4 
87:7 
8,13.5 
88~5 
gP'.q 
89:1 
89.~· 
8"'''' : • :J 
87.6 
87.g 
8P~0 
88:4 
8f{~.'5 
89:0 
89.5 
123~1 
123:5 
123:3 
12L!.; 5 
12Lt·. :-
121l-.0 
1211" 0 
129.1 
12q.O 
129,,0 
12·<); 8 
12P.:8 
128:8 
12P;:P. 
12C).2 
------~-.-_ .. __ ._---_. 
22:0 ?5~0 6.4 O~98 56~6 
1~.0 74.0 3~4 0.98 17.6 
12:~ 69:0 1:8 0.98 13:1 
12:0 66.0 0:8 0.98 10.3 
J3:5 65~0 0:5 1.00 8.3 
16:5 ~2.0 0:4 1.02 7.7 
17:5 62:0 0~3 1.02 6:6 
18.~ Eo.s 0.3 1.03 6.5 
12:5 70:0 2.0 0:98 
12:2 69.0 );75 0:98 
12.0 66.5 0.8 0.99 
1?.0 
13:5 
15:5 
21.5 
(..t:; c 
'-.' .. " 
64 0 
6L:' 0 
63.5 
0.6 0.9S' 
0:5 1. 00 
0:45 L01 
c.~· 1. 04 
'1:5 6B:o 1.9 0.98 
11.4 67:5 1:i5 0;98 
11:6 66:~ 0~8 O:0~ 
12:2 66.~ 0.7 0:99 
12:5 65_6 0:5 0.99 
13.5 65:0 0.4 1.CO 
16'0 63.5 0:3 1.02 
23.0 63.0 c.3 1.c4 
13~7 
13~0 
10.4 
9.3 
8.3 
8.0 
7.7 
13.1 
lL7 
+O~3 
10.0 
8 b. ..
7.7 
6.6 
6.6 
52~6 48576 55.5 
52~1 47540 56.7 
49.5 48828 55.5 
45:7 47216 54.8 
39:5 41390 54.3 
28.4 31302 54~3 
26.2 28912 54~5 
19.0 21508 54.6 
58:8 56990 
55~8 5500B 
50.9 52086 
46.5 4B334 
37.7 L:0230 
34.6 36982 
24.7 267gB 
62~2 621S6 
5?~7 58252 
53 .. 8 :)514/l-
411.1 49448 
43.9 46108 
39.5 ~1538 
32.7 35196 
19.1 20944 
67~2 
67:7 
66~9 
69.5 
69~5 
63.8 
68.7 
73.4 
78.3 
78.2 
73.0 
77.9 
78.1 
77.7 
78.3 
860 37.2 
325 38.8 
865 37.2 
Sl:-7 37. c 
750 38.8 
567 ~·2. 8 
522 4~.9 
387 46.9 
831~ 45~6 
1'99 47~o 
736 ll-7.~· 
631:. 51.5 
570 54.7 
529 55.2 
334 59.2 
730 5:;.0 
752 56.5 
6)4 57.6 
6~L~ 59.7 
5 ~2 61.0 
.5 ~3 62.8 
4'~5 05.0 
2 >3 71.0 
1307 
1227 
1317 
1277 
1068 
732 
658 
458 
124 
117 
110 
939
1 736 
670 I 
452 ! 
1131 ! 
lC32 i 
958 ' 
829 
757 
661 
5tH 
294 
_. __ .. _-_ ..• _-------_.-,.--- ----. -_._--
continued over 
INLET CONPOSITION 60% (Ht. ) ISOPROPYL ALCOHOL 
% S TioC TooC ° % CL ~~ Cv H.Cm. C.F. 14 L H v Q/A b,.Tov U' D,TF No. Ts C 1b/hr 1b/hr hi 
~-'--.-'-"--. ---0:--'-.. - .... - .. --. ~-.--.. - .. _--:--_._---_ ..... _- ... _---... _ ....... ------. _. ------. -
C-33F 96.4 83~4 86.4 135~2 12.0 70;0 1;9 O~98 13~6 64~4 62452 90.5 679 67.2 929 
C34F 87~1 83~2 86~7 135~5 12~0 69:~ 1;65 o.q8 12~9 62.2 6077'?; 90~9 657 68.3 890 
C35F 75.1 82.95 87~O 13q-~ 8 12;0 6q.5 LO O~99 11.3 58.1 56872 89.6 624 68.5 830 
C3SF 66.0 82;4 8?:2 134:3 12~3 69,,0 0.8 0.99 10.4 52;8 52174 89.9 571 70.8 738 
C37F 54.0 32.3 8?:, 134:8 12~O 68;0 0:65 0:99 9:7 48.3 48528 39:8 532 72.0 674 
C33F 41.1 82:0 87:9 135:1 14.0 66:0 0:55 LOO 9:0 41.2 42796 90.2 l}S7 74.7 573 
C39F 27:4 8~ ; 8 8q • LI_ 135.3 16.0 65.0 0:45 1.Cl 8:1 33:5 35430 90.3 336 7".8 456 
C40F 11.7 81.6 8R.8 134.9 1°.0 65.0 0.35 1.03 7.3 26. c· 27536 89.4 3)3 79.9 344 i 
C41F 85:S 83;6 87;0 1l}0~3 12:5 70:0 1;55 0~98 12:8 61.9 60030 99:0 517 76.7 7831 
C~'2F 73.2 83~3 87;5 11}0~3 12:lt 69:5 0;95 0- 00 11:3 57.0 55748 93.8 5 )5 78:3 712 • ;1./ 
c43F 58.5 S) .. O -8?:8 140.5 12:5 68;0 0:6 0:99 9;3 57.3 51426 99.1 7' ,~ 8(;.3 640 _ ."v 
c44F 47:9 82.7 88.2 140;5 13:5 67.0 0:5 LOO 8.5 46.7 47588 9('\.0 1~ 73 81.8 582 
c45F 39.5 82.5 8~:5 1'+0: 5 11+: 5 66:0 0.45 1.CO 7:B 41.1 42628 99.0 IL~l~ 83.7 510 
c46:f 25:3 82:3 88 • .'\ 140.~ 16:5 65:0 0;4 1.01 7t: 34.2 36124 99.2 358 8G.5 418 .0 
c47F 16:L~ 82:1 39;2 140;4 21.5 65~0 0:35 1.03 7.1 21.1 28688 98.5 2 17 33.8 323 
c48F 4.7 82.0 89.4 ll~O.6 25.0 53.5 0.3 1.04 6.7 18.~ 19786 98.8 107 92.5 214 
c49F 94:6 83:9 :?'7; 2 1.~5~9 12.0 69.0 1;'75 0:98 13.1 65.8 64918 108.6 588 84.6 767 
C50F 86~1 33:7 ?7 ~ L:'5 14C.o 12~2 6q;c L35 0;9<J, 12;5 62;3 61544 108;7 557 0.6.1 715 I 
C51F 73.1 33.8 BR.o 11+6~3 13·0 69·0 0·9 0~99 10.8 5g.7 57984 108.7 524 87.5 662j' 
C5'2F 63~O 83~7 R8;5 146;2 12-.0 60 ' ~ 0;7 0;99 1C.0 54;6 53902 108.1 ll-98 88.5 609 . .. ' • L 
c53F 52.9 33;4 gr.6 ])f6~ 5 12;1 6("00 o· c 0.90 9~3 49.7 49862 108.9 451 90.8 549 .0 
c54F 40.9 33.2 80 .8 146;7 13:5 66,0 O'e:; LOO 8~8 44;9 46546 lO9~2 419 92.7 503 ... 
c55F 28;8 82;B 89~2 146;3 15;5 67,0 0;4 l;W. 7.6 38.2 39074 108.5 35''+ 9'+.9 412 
c56r 17.2 82.6 .'~.o '7 11.:6.5 '13.5 66,(; 0.3 1.02 6.6 29.8 3107fl 108.2 283 97.8 3181 . ~/ • j , 
! 
-----.~--~-
________ . ...:.. __ -. ..:.. .. _._ . ____ .J 
continued over 
CIG 
C2G 
C3G 
CLJ-G 
C5G 
c6G 
C7G 
c8G 
C9G 
ClOG 
C11G 
C12G 
C13G 
C14G 
C15G 
C17G 
cJ,8G 
C19G 
C20G 
C21G 
C22G 
C23G 
C24G 
I:06~7 
89:0 
74~4 
62.3 
49.2 
32~7 
23.3 
10.9 
9Ll 
69.2 
54.7 
42;9 
36.3 
23~1 
10.8 
90~5 
79~S 
66:0 
52:8 
41.0 
3LO 
17~8 
7.7 
83:8 
83.6. 
83.1 
82.8 
82:4 
82.0 
8L? 
81.5 
83.4 
S3~0 
82:7 
82.6 
82:L~ 
82.1 
01.8 
83~8 
33~6 
83.2 
82:8 
82;6 
82:4 
82:1 
81.9 
80.9 
81.0 
8Ll 
8L2 
8L4 
82~1 
83.6 
2.5.8 
8L8 
82.2 
83:8 
85.4 
g5.7 
86.6 
87.1 
D3.5 
~;,3; 0, 
84;S 
r;5:7 
05.'8 
86;3 
86:7 
87.0 
INLET COHPCB ITION 70% (11ft.) ISOPROPYL ALCOHOL 
100.5 . 
10LO 
100:9 
10L4 
101;6 
10L7 
10L8 
102.1 
111.7 
}.J.L7 
111:5 
112:5 
112:4 
112: L~ 
112.6 
11~:6 
110.:,7 
11 n,. g 
11!\.8 
11·": 5 
:Ue;7 
118;7 
113.7 
65;0 
63:0 
62~0 
58~0 
54.0 
43~0 
31.0 
21.0 
30.0 
25~C 
25.0 
220 
23.0 
27.0 
2Q,O 
28.0 
23'0 
21.0 
21.0 
22:0 
24:0 
26.0 
29.0 
82:0 
82~O 
82;0 
82.0 
82:0 
82.0 
77:0 
72.0 
P2:0 
gO.n 
76:0 
75~0 
?6.c 
73.0 
72.0 
r,O; 0 
79~5 
75.5 
74:0 
71.0 
7L5 
7L5 
71.0 
9:9 1.01 
?:9 LOl 
6/' 1. 01 
G: 6 1. 01 
6:4 1:02 
2: L} L 02 
0:55 L03 
0.3 1.03 
6:5 LOO 
5.4 LOO 
0.9 LOO 
O~5 1 02 
0:5 1.02 
0:4 1.04 
0.35 1.05 
2:6 LOO 
1.6 1.00 
0; 7 LOO 
0.55 L01 
0;5 l:02 
0:45 1. 03 
0:4 1.05 
0.35 1.05 
125.4 
96:9 
79.6 
66:1 
5ll-~ 7 
14:4 
9.1 
6.6 
64:0 
57:5 
1(,; 7 
8.6 
8.6 
7;8 
7.2 
15:4 
13;C) 
10:1 
9.1 
8.6 
8.1 
7.9 
6.9 
30.0 
30:2 
31.1 
32:8 
32.8 
30:7 
30;0 
23.7 
50~O 
47;2 
45.1 
40~8 
36.9 
29:6 
2C. 
59:2 
56:5 
52.7 
47;6 
42.6 
37.1 
29:3 
21.6 
23312 
23952 
25012 
26754 
27064 
24924 
26638 
22962 
42214 
41676 
L~OL~32 
3?282 
33254 
28096 
19616 
49284 
47506 
47132 
L~3514 
40864 
35282 
27342 
20714 
32:6 
33:6 
33.3 
34.9 
35.4 
35.3 
34.4 
33·2 
52.8 
52.3 
50.8 
51.3 
50.9 
50.4 
50.6 
62:9 
62~9 
62:6 
62:1 
61.7 
61.8 
61.7 
61.6 
702 
700 
727 
754 
751 
694 
762 
681 
793 
'183 
784 
'715 
·;42 
',48 
.:;81 
.771 
']43 
741 
;89 
·;51 
)62 
11-44 
531 
24.c 
24.7 
24.5 
24.8 
25.3 
26.0 
,'f-.4 
C:!f-.6 
:: ).5 
;,;.7 
2-3.6 
37.3 
38.6 
L~O.l 
43.7 
44. 11-
45.1 
45:0 
45.9 
46.5 
48.8 
51.6 
~4.4 
974 
970 
1023 1 1076 
1070 
957 
1092 ! 
932 i 
1158 
1136 
1139 
999 I 
862 I 
700 I 
4491 
11111 
1~~~31 
949 ! 
879 ! 
723 ! 
539 ! 
381 ! 
! 
I 
__ ---,-,-- ___ -------1 
continued over 
INLET COHPOS ITION 7Cf/o (Ht. ) ISOPROPYL ALCOHOL 
-
. 
- if 1--wV-------
TioC m 0c 'T' °c 
----
No. % s .1.0 ~S % CL % Cv H. C:;J. ~.F •. l.b[.hr Ibl}~r Q/A bTov U bfrF hi 
_ .. _-"-----
_._- _."'--_-.._ ..... 
---.-
C25G 93~G 33.4 8l~: 0 123.3 21:0 75·5 L6 1.00 13~0 63~6 57318 71.2 791 49.6 1154 
C2GG 30~5 83:0 84~5 123:5 18.5 74.0 0~8 1.00 10.4 59:5 54996 71.5 757 50.8 
1081 
C27G 63~6 82:5 84~9 123:7 19:0 72:0 0~65 1.00 9~4 53.6 51304 7~~0 70l 52.8 972 
C28G 53~6 82.2 85:3 123:6 20;0 71:0 0:50 1: 01 8:5 49.6 48240 71.6 662 53.6 899 
C29G 43:5 82:0 85:6 123:" 21.5 71.~ 0:45 L02 8:1 44:9 43l~54 72.1 593 
56.0 775 
C30G 30.·4 81.8 86:0 123.'7 23:0 71:0 0:4 1.03 7:6 37.9 37071f 71.6 509 
58.1 638 
C31G 21.3 81:4 86:4 123:6 28: 5 70:5 0:35 1:05 7.1 31.1+ 31968 
71.4 l}27 60.3 513 
C32G 9.2 81.2 86.R 123.6 31.0 70.0 0.3 1.05 6.6 22.3 
22302 71.2 308 63.5 351 1 
.. , 
94:6 83:3 r3.6 J __ 30: 6 26:0 2:9 16:4 64.2 56516 
84.8 
C33G 77.0 :t.OO 
655 63.9 886 I 
C3 l}G 84~e 83:0 83.6 130~6 25:5 77'-0 2:35 1.01 14:8 57:9 51048 85:1 590 
66.4 771 l 
C·35G 72:4 83:3 85~3 130:5 20.5 ?6~0 0.7 LOl 10.1 57~7 
51544 83~3 609 64.2 803 I 
C36G 62:3 83~0 ~5.7 131.0 ~0.5 76~0 0.6 1.01 9.4 
52.4 46948 83.9 550 66.7 704 i 
C37G 47.2 82.7 86.1 131.1 22:0 74.0 0:5 1.03 
8.7 45.2 41962 8'+0 1·:·91 68.6 610 I 
C38G 37~]. 82:6 R6~5 131.2 2[,.0 73:5 o·e: 1.04 8.8 40.4 
38488 33.9 1+51 
• .J 
70.0 550 I 
C39G 22~9 82:3 86:9 131:2 211: 0 '7L5 0:45 1.05 
8.1 3L5 30608 83.8 359 73.1 419 ! 
c40G 8.8 82.1 87.5 131.5 37.5 70.5 0.3 1.08 
6.7 22.4 22210 84.0 260 76.7 290 ; 
.. 
. I 
84:1 fu~. 5 '.36: 9 
.. L6 65:5 57410 94.6 
.. i 
C41G 97: 6 23.0 7'7 0 1.00 
13.0 597 735 782 . 
CLF2G 86:1 83:9 84:B 137.2 22:0 77~O LO LOO 11.3 
62:C 54352 95~1 562 751 721+ I 
cl !-3G 75:4 83;7 ~::4:3 137; If 22~5 76.0 LO 1.01 
lL4 58.4 52138 96~1 53'+ 77.0 677 ; 
Cl:-/+G 61:G 83.5 84.7 137. L~ 2L5 76~0 0:7 L01 
10:1 53:2 47522 95.9 488 78~5 605 I 
CI+5G 52~O 33~2 ~5;0 137.5 22;0 76.0 0~55 
} .• OJ 9.0 !~9 ~ 1 43902 96.1 L~50 ;jO~l 51fT; 
c'+6G 31~3 82~6 R6.5 137;2 27:5 75~0 0:4 1.:05 
7;-8 37:2 33972 94.7 353 82.9 410 ' .. t 
c47G 19~0 82~4 R7.0 137~2 32~0 73;0 0:35 Lo6 
7.3 28.9 27394 94.5 285 85.0 -22 , ;; , 
cl!-8G 9.8 82.2 37.5 ].37 a 5 39.0 72.0 0.3 1.08 
6.6 21.3 20612 94.7 214 88.0 234 ! 
----. ..--._ .... ~.~' __ , _________ ~ __ A_. __ ._~_ .. y· 
~'" 
1NL.ET COKo.oS1T1ON·77% (u..t ~) . 1SOPp:.0PYL ALCOEGL I 
CHI 110.0 83~3 80.3 IG3~4 73:0 82.0 ] 2.3 1.00 142:7 ~7~8 21600 
38.8 556 30. ft- 710 I 
C2H 86.0 02.5 8o~ '+ 103.7 73~0 nl~. 0 8~7 1.01 106.3 26.7 20300 
lK'~O 507 32.0 634 
C3H 68.3 82.1. P;o~4 103~8 73~0 r,4~o 7.4 1.02 
87~J. 25.9 19900 40.5 49") 32.8 607 i 
C4H 55~B 81.8 80:6 103.8 72~0 2'3~0 (,.7 1.02 69~9 
29~6 23350 40.6 574 31.5 742 
C5H 41.1 81~6 80;8 103;7 69:0 82;0 6.5 
1.03 60~0 29.5 2lWOO 40.5 593 30.9 776 
c6« 24;5 81~1+ 81.2 103~7 60:0 81.0 1.8 1.05 
12:5 28.4 23400 40.3 580 31.1 754 
C7H 20~4 81.6 RJ:9 104;6 53.0 81.0 0;6 1.07 
9.1 28.4 23350 41.0 561 31.3 733 
CSH 9.5 81.3 83.0 104.6 51.0 79.0 0.4 1.08 7.5 
23.2 19900 40.4 492 32.6 610 
C9H 88~1 82:9 81.0 110:2 72:0 8i~: 0 9~~ 1.01 
122.2 23.1 21874 50.8 1~23 43.0 509 
ClOR 74~5 82~7 31.]. 111.0 72:0 8R:0 8:0 1.02 96.3 27.76 
19976 52~3 3T> 45.1 442 
Cllll 60.0 82:5 8],;2 ~.J_1.1 72:0 P,P.O 7:0 1.02 80.8 27:09 1955~ 
52~6 36 ; 45.7. 428 
C12H 46:5 82:3 81.3 111:2 71.0 87:0 6:6 
~.:02 64:9 25.97 19274 52.9 353 46.0 418 
c13H 37:5 82:2 8LL~ J.l1. 4 68:0 86:0 6:4 
1.03 53.4 25;71 19692 53.2 36!~ 1.1-6.2 1{-25 
Cl4H 22:2 81.9 82; 7 1:U:2 50:0 ,')0:0 0; 1+ 1.05 7. L~ 31.42 
26564 52:0 50:> l~2~ 3 628 ! 
C15R 9:8 81.7 83:1 111:'3 5'1- 0 r,o:o 0.3 L07 
6~4 23:59 19988 51.9 37 ) ~-4. 3 4/+5 i 
c16H 5.7 81.6 83.8 111.3 53.0 80.0 0.3 
1.08 6.5 20.1 17088 51.4 32'7 L:-5.5 375 I I 
I 
- -.-.,~ .. --_._.-..---- -~- ... -
_____ w~ .... --·-'---- .-.---
Contirme n over 
U"1,'RT COHPOSITIQI'l.2..aJ1it .) ISOPROPYl, ALCOHOL 
~~~_~_. _T~i=~ TO:C .. ~~=!6 CL .. % CV.~~.~ .~'~~A~_~;~ -~~:.~:-~TO~ -.=~;--~ 
I 
c17H 105.0 83~6 81:3 116~4 69~0 86'0 6:85 1;02 77~0 48.7 36194 61.0 534 47.6 760 
c18K 90~1 83.3 81~4 J~6~4 68:0 B6:0 6:7 1~02 70~5 48:7 36650 61~2 539 47.7 768 
I c19R 77~6 83.0 RL6 J.16:5 66:0 86;0 6.5 J:02 60~4 60:4 36200 61.5 532 47.9 757 I c20k 65:2 82.7 81:7 116:7 61.0 85;0 3~R 1~03 17~2 J7~2 36324 62~O 576 48.6 747 
I C21H 52.7 82.5 Rl~8 116:6 55;0 85.0 ~:5 1.03 14.6 14.6 34054 62:0 5~1 49.5 688 
I 
I 
I 
I 
1 
I 
I 
I 
C22H 37.5 82.2 82.0 116.9 54:0 85.0 ~ .. O 1.04 11.0 11.0 30362 62.5 477 51.5 589 
C234 19.9 82:0 Bl~5 116;6 49.0 82.0 0;45 1:06 7.8 7:8 25962 62.7 4)7 53.4 486 
c24H 7.7 83.7 81.4 117.5 52.0 80.0 0.3 1.oB 6.5 6.5 1B132 63.4 231 57.1 317 
. . 
C25II 91.7 83~2 81.5 121.8 64:0 86.0 6~4 L02 53.7 56:2 
42404 70.9 538 55.3 7671 
c26H 79.2 82.9 81;6 ] 21.8 62.0 85.0 5:1 1.03 19.5 53.7 lJ-1054 71.1 5;8 56.1 733 
c27H 64:8 82:6 81.6 12L6 60.0 84 .. 0 3.3 1.03 16.2 50~7 39610 
71.0 5'+9 56.5 701 I 
c28H 49.5 82: It aL8 121.6 ~6,0 g4,Q L4 1.04 12:2 46;9 36640 71.1 5 )7 57.8 635 1 
c29H 35.1 82.1 82.1 ' 22~ 0 :;3:0 82.0 0:6 1'05 9.0 40.2 32?08 
71.8 4'+8 60.0 545 I 
C30H 21.8 8L9 82.4 ~21,Q 52:0 i50:0 6;35 L 06 7.6 33~2 
2g090 71.3 337 61.3 458 
C31H 7.7 81.6 R3.2 122.0 56.0 ~o.o 0.3 1.08 6.4 22.5 19078 
71.2 253 64.9 294 
C3"2U 85.2 83.6 82~2 129.3 62 86 6: 1:'5 1:03 57:B 56.1 
L:2554 83.4 5)2 68.0 627 
C33H 72.0 B3.2 82:2 :1 28:9 59 ~5 4:6 L03 18;6 52:8 '+0390 83.0 479 
68.2 591 
C34U 58.6 82.[\ R2:2 129~4 .::6 84 2~3 1:04 13:9 49.7 388
1+0 84:4 453 70.4 552 . 
C35H 46.9 82;6 82;4 129:5 53 83 '.; 5 1.04 12.5 
45; 36210 84.6 4~1 71.6 506 I 
c36n 36~1 82.6 82:5 129: 7 ~o ~2 2:1 L05 14:0 40.5 33190 
85.1 334 73.2 453 \ 
C37H 22~9 81.9 82;7 129.9 48 81 2:4 1.05 14:9' 33.2 
27904 85.5 3~1 75.8 368 I 
C3811 12.7 81.7 82.9 129.7 51 80 3.2 1.06 16.3 26.4 
22824 85.2 253 77.8 294 : 
L--
\ 
__ .• _ ... ___ ._._ •• _ ..... ____ .1 ...... _ • • # •• _ •• ________ ~ _____ ... --~---.~--.-----~~-.----.-----
Continued over 
INLET COHPOSITION 77% (\'It.) ISOPROPYL ALCOHOL 
No. % S TioC TooC TBOC % CL % Cv H.cm. C. F. 
W L . W v Q/A 4Tov U ~F hi I 1b/hr 1b/hr 58~-i C39JiI 89.1 83~J 82:0 135: ·4 66 85 5~4 L03 20:4 60~0 45864 95~0 475 78.3 
C40H 82:8 83.2 82~1 J 36:3 57 Rc; 3.6 L03 17:1 58:4 44620 96.5 455 80.6 555\ 
C41H 60.1 82:r 82:2 136~3 s4 84 2:1 1.03 13.5 52.3 40860 96~7 416 82.1 498 
C42H 46:4 82. L: 82:h 136.1 51 83 0:95 L04 10:9 46;0 36706 96~6 374 83.6 439 1 c43H 32.3 82~C 82:6 '36: 3. 1~8 82 0~5 1. 0'; 8~4 39:4 32128 97.1 325 85.8 374 
c44H 15.8 81.f. A3;0 ] .. 36~ 8 L~6 80 0:35 L06 7 1 28.0 23768 97~8 239 89.9 264 
c45H 5.7 8J.~ 83.9 136.3 50 80 0.3 1.07 6.4 19.4 16552 96.4 169 91.4 181 
c46H 85:9 83~3 82;0 1 1!·3: 6 59 85 3~7 1.03 17:2 6L3 47120 109.6 423 92.9 508 
c47H 66.9 82:7 82:1.. 143:8 ~6 Rc; 2.2 1.04 13: 7 55·5 42728 110.4 381 9;~3 449 
c48H 59.0 82:5 82:2 142:8 r:3 83 1.5 1.04 12:4 51.3 41000 108:8 371 94.3 435 I 
c49H 39.2 82.1 82:3 142.7 "0 R2 '.:35 1.05 12:3 42;7 33.542 108;9 303 97.1 345 
C50II 22.4 81.7 82.6 '.43: ~ 47 ~'1 L1 ' .. 05 11. 7 32.6 27150 110.3 242 101.2 268 I 
C51II 13~7 81.( 82:9 1['2.3 44 Qo 1:5 1.06 13:0 26:5 22594 108:0 206 100.8 224 I 
C52H 7.8 81.L! 83.6 li.!2.r:; 48 ')0 1.~ 1.07 13.0 ].9.7 16892 108.0 154 103.0 164
1 INLET COMPOSITION 10~J. (1--Tt. ) ISOPROPYL ALCOII.QL 
1. 0 ~ 1~ 1.00 112.4 39:8 38.3 547 I Clk 105:5 85:2 82:5 , Or:;: 3 ·100 '00 21300 30:5 698 1 C2k 91.4 84:6 ~2;c; , 05. '5 1.00 1.00 8: l~ "1 ~ 01 B9.:I. 39.8 217811- 39.1 548 31.1 700 I 
C3k 79:9 84;l: [>,2;5 '.05.3 ' 00 100 7;7 L01 79:9 39.7 21840 39~3 547 31.4 698 I .. I 
C4k 65:3 84:1 82:r; 10r::7 ' 00 100 6.8~ L01 66.8 39;6 21930 40.3 535 32.2 680 i 
49;2 83:[' 82:5 105:9 '.00 1.00 6 c::r:; "1. ~ 02 5'+.7 40.5 22566 40.9 543 32.6 6· i C5k ... -- 92 • 
C6k 32:6 83;~· 82:r::; J 06.1 '.00 ' 00 3.0 J:04 13~7 37.9 21254 41.5 503 33.8 629 i 
C7k 22.8 83:3 82;l~ JO~: ? ' 00 '_00 0·" ~ ; 05 8.4 35.1 19716 41.0 473 33.9 582 I . : 
CBk 9.9 83.0 82.4 ' 05.8 J.OO '.00 .35 1.06 6.0 25.3 14256 41.4 338 36.5 391 I I 
------~ .~-~ ... ~.-..,---"---------. --
I 
Continued over 
INLET COMPOS ITION ' 000;6 ,,'It.) ISOPROPYL AI,COHOL 
i 0 0 - 0 lfl L -W v \~~. %.,_S __ T~ __ ~-T-O-. ~_~_s.__,.C--%_CL--%-_C-V--H. cr~.~_C __ F. 1 b/hr 1b/hr 
, C9k 91.2 
CI0k 76.-
Cllk 60.8 
C12k 40.4 
C13k 230 
c14k 13~9 
C15k 5·2 
C17k 97.9 
c18k 84~8 
C19k 7Ll 
C20k 57~0 
C21k 47.3 
C22k 38:7 
C23k 15·1 
c24k 4.9 
C25k 88:5 
c26k 72~L~ 
C27k 60.0 
c28k 49.8 
C29k 26:0 
C30k 16.9 
84~4 8~~3 112:9 
83:9 82.-3 1.J.3:l 
8'3. 6 82~'3 J_12.8 
83;~ 82;3 112;q 
83~3 82;3 113:1 
83:1 82:3 113;2 
~2.9 82.3 113.l 
84.2 R2~2 llry.8 
83~9 82:2 Il7.Q 
83:8 82~2 118.1 
83.7 82:2 11R.0 
83:5 82~2 11~.0 
83.6 ~2;4 11?:~ 
83.15 82.4 11~.R 
82.9 82.~ 11~.0 
84.2 82~2 12.3;8 
83:9 84.2 123.° 
83:8 R2~2 124.c 
8"3.6 82: 2 1.2[:.6 
83.3 B2~2 J24.6 
83.2 82;2 12~.? 
82.9 82.2 124.76 
100 
100 
100 
lOO 
lOO 
100 
100 
1.00 
100 
'.00 
100 
'00 
lOO 
100 
100 
100 
lOO 
.,CO 
100 
1.00 
lOO 
'.00 
'00 
100 
100 
100 
1CO 
100 
100 
lOO 
lOO 
lOO 
100 
:"t00 
'.00 
1.00 
JOO 
100 
lOO 
10r 
, co 
100 
1.00 
'1CO 
6.°5 
6;7 
'6:SS 
3:25 
0~7 
0;4 
0.3 
7:25 
6:8 
6.55 
6.4 
4;65 
2.t:: 
0.6 
0.4 
6;6 
6 ~ Lt· 4.Q 
2.Q 
o;ry5 
0', 
. -
0.3 
1.01 
1:02 
L02 
L04 
1~05 
L06 
1..06 
1.01, 
1'02 
1 .• 02 
1.03 
L04 
1.,04 
1.06 
1.07 
1.02 
1.03 
1..03 
1 .. 04 
1.05 
1.06 
1..07 
68:9 
61.3 
41.2 
13;9 
8~4· 
6~4 
5.5 
67.8 
63~2 
~3.3 
470 
16.6 
12.7 
7.8 
6.4 
56~7 
46.0 
16.8 
13.5 
8.6 
? 0 
5.5 
53~3 
S2~0 
4-8:4 
42~6 
34.1 
26~7 
19.3 
55.4 
54:9 
5L9 
48.5 
45.2 
41.9 
28~ Lt· 
18.4 
60.9 
57.5 
53.6 
4q ? 37:4 
3L2 
20.5 
QjA D.Tov U A!rF hi_I 
29l'-~6-2- 53~~' 545 -42.3--696 
28882 53.9 52'7 43.4 666 I 
27072 53~ 7 495 43.8 618 i i~i~~ ~t ~ ~,~ ~~: ~ '~ill 
15056 54~9 269. 49.5 302 
10864 54.9 195 51. 0 211 I 
30676 62.1 485 51. 0 6e1 I 
30520 62.6 479 51.5 592 
28930 63.1 451 52.6 549 
27082 63.0 423 53.3 508 
25340 63.1 395 53.6 472 
23514 62.2 372 53.9 436 
1.~981+ 63.1 249 57.; 9 276 \ 
10390 63.5 161 60.4 172 
33812 73.0 456 60.9 5561' 
32070 73.4 1~30 61.9 518 
29998 74.6 395 64-.0 469, 
27890 74.r) 3E>9 65.2 ~28! 
~rm ~H m ~t~ ~i! \ 
I ~ C311{ 6.7 ! 
i 
L--.. ---------------------
----_ ... __ ._- _ ..... ,- -_._-_. __ .... _._--_ .. _--------_ .. _- ' 
Continue d over 
INLET COMPOSITION 100% (wt.) ISOPROPYL ALCOHOL 
r No. % S TioC TooC TsoC 1-----·_--,----_._--
C32k 96.8 84.1 R2. 1 '30.0 
c33k 82.3 83~8 82.1 l30~0 
C34k 63.6 83~5 82~1 131.4 
C35k 35~0 83.1 82;1 13L5 
C36k 2L7 82~9 82.2 13Ll} 
c37k 7.4 82.6 82.2 1 3L 1 
c38k 1.5 82.4 82.2 1.30.g 
C39k 
C40k 
C41k 
C42k 
c43k 
c44k 
c45k 
c46k 
c47k 
c48k 
c49k 
C50k 
C51k 
C52k 
89.2 
76~0 
59;6 
50~5 
30.0 
4.2 
11.7 
9LO 
78~6 
63.4 
44:9 
27~8 
20~7 
5.5 
84:0 
83~6 
83~4 
83.2 
82.R 
82~4 
82.6 
83~9 
83.7 
83~4 
83~2 
82;8 
82~6 
82.3 
82~1 
82~1 
82~1 
82.1 
82;1 
82:1 
82.1 
82~l 
82~1 
82~1 
82.1 
82~1 
82~1 
82.1 
136:1 
Iy<B 
136:3 
136~3 
136.6 
136;9 
136.6 
1.43; 2 
143~1 
143.5 
143;5 
143~6 
1.L:3: 6 
1/+3.6 
JOO 
100 
100 
100 
100 
, 00 
100 
, CO 
1_00 
1.00 
100 
100 
100 
100 
, 00 
100 
100 
'00 
JOO 
100 
10C 
lOO 
'-00 
100 
100 
100 
100 
100 
'.00 
:100 
1.00 
100 
100 
100 
ICO 
100 
lOO 
100 
100 
100 
100 
lOO 
6.4E3 
6:4 
5;4 
0:8 
0.6 
0~4 
0.3 
6. L~5 
5;2 
3; J·5 
2;1 
0;65 
0.4 
0.5 
6.45 
6~1 
3.7 
, • to; 
-.. 
0;6 
0.4 
0.3 
1;,02 
1.02 
L03 
1.04 
L06 
L06 
1.07 
1.03 
1.03 
1.04 
1.05 
1.06 
1.06 
, .0.6 
L03 
L03 
1.03 
l:04 
1.05 
1.06 
J_.06 
4q;6 
46~6 
17;5 
8.5 
7.7 
6;5 
5.5 
50;1 
17.1 
14.0 
1i.8 
8.1 
6.5 
7.0 
50~4 
20.4 
15;0 
10.7 
7.8 
6.4 
5.5 
64~6 
61.5 
56;9 
42;6 
35;0 
21.0 
16.7 
67;5 
63.3 
57.6 
54.0 
40:1 
18.6 
25.0 
74;0 
68;0 
61.9 
51~3 
38.9 
33.1 
20.1 
35966 
34328 
31916 
23986 
19736 
11854 
9466 
37602 
3.5484 
32334 
30340 
22798 
10170 
14136 
41268 
38086 
3i~?44 
28858 
2i914 
18698 
11402 
84;3 11-20 71.5 
84.66:;99 74.4 
87.4j59 76.2 
87.8 ~69 79.6 
87.8 :~21 81.6 
87.6 133 84.0 
87.2 '.07 f5.3 
95~Lj. 388 
95.2 .-;67 
96.3 330 
96;5 309 
97.3 228 
98~2 102 
97.5. 143 
108;3 375 
108;3 346 
1c9~3 313 
109.4 259 
110.C 196 
110.2 167 
110.5 102 
82.0 
82.9 
8'5.0 
~j.9 
90.8 
95~9 
93.6 
93.6 
94.9 
97.3 
99.9 
102.9 
104.3-
107.8 
hi 
503 
475 
419 
301 
242 
141 . 
111 
458 
l~29 
380 
353 ' 
251 
106 
151 
441· 
401 
357 I 
289 ' 
213 
179 
106 
----- -~---.----.-- -------' 
INLET COHPOSITION 30"/a (Ht.) ISOPROPYL ALCOHOL 
_ •• ____ .. ___ .1 __ 
__ •••• _ ..... _______ .~9 ••• ____ .............. __ ~ __ •• ___ .'"._.~ __ ._. 
----
~; S TioC TooC () CL% Cv% H. e''Y' .. C.F. 1/1 L id Q/A l1Tov No. 'l's C! v U AT, hi 
-- ------ ----- ---. ...-.. '---'-'''---''--
1b/hr 1b/hr 
--------
Cle 110.0 83.1 85.3 103,'7 , c: 6'7.5 10.0 .9825 137.25 38.83 39220 32.8, 1127 19.3 2038 
C2e 96:7 82.7 85.6 1011-.0 14-~8 67.2 9~15 .982 124.0 37.42 38220 33.45 1083 20.1 1903 
C3e 86.0 82.4 R5.9 10ll-~ 0 1/+~ 0 67:0 n.6 ;979 115.12 36.17 37210 33.45 1054 20.5 1819 
C4e 70.9 82~8 87.1 ~ 04~ 8 11.5 63.6 7.9 .9739 103.73 35.49 38094 33.4 ) 1080 20.2 1891 
C5e 60:0 82.5 87.25 104.q 10.5 63.6 7.3 .9704 93.39 33.61 36094 33. 7'-~ 1017 21.2 1701 
C6e 48~2 81.0 n7.0 104,9 11. c; 6'-'.2 7.05 ;9691 88.11 29.17 3191+8 35.yJ 861 24.4 1310 
C7e 34.8 80~6 .<37.2 101).1 10.2563 g 6.8 .9675 80.55 25 .l~6 28254 35.91 7:') 26.5 1069 
c8e 29:6 Po:6 88.2 104 .. ~ f3.1 60.2 6.g .9656 81.38 23.32 27462 34;47 75"1 25.3 1084 
Cge 19.3 80.4 89~8 101~. 9 5 Lt. c;(:.g 6.7 .9615 75.55 19. 0 4 24988 33.YI 7J.2 25.2 994 .  
C10e 5.4 79.5 83.2 104.8 6.5 L~6. 0 1.7 .9349 13.13 9. 11-5 12946 30.9 1 '+15 26.0 499 
Cl1e 93 :'+ 81.6 {le,Q 107.7 12.1:: 66.0 P;.1 .9757 106.58 39.04 110972 40.2·, 9{ 9 26~0 1576 
, C12e 38.2 80.8 89.2 10'7;9 '7. c: 5Q.8 6.8 .q636 80.52 28.98 3L!.l~24 38.97 840 27:4 1260 
I C13e 61.9 81.3 P,7.1 109;.15 ' 0.4 63·.5 7.1 .96'89 89;'(3 35:26 38422 40.95 894 27~7 1387 
C14e 79:0 81.5 86.6 108.0 11.6 64.0 7;95 .°738 104;35 37.68 1+0764 40.86 953 26.6 1534 
C15e 69.8 81.1 86.9 107.9 J.l~8 63.5 7.65 .9'728 99.28 36.59 lW111-4 40;7'1 951 26.3 1530 
C16e 49.0 81.0 89..1 1.08.0 9.t; 61.5 7.0 ;9676 86.94 32.511- 36904 39~66 885 27.1 1362 
C17e 21:2 79.9 90.3 1.08.1 ,1::.8 54~8 6.65 .9636 72.97 23.76 30311-2 39.15 742 28:9 1051 
C18e 9.4 79.2 9~.1 : 08 .l~ 4.5 1~0. 5 3. LI-5 .968 17.39 17.98 25834 36.9 679 27.8 930 
C1ge 90~1 32~9 86.g 115.4- 12.4 6'11- .1-:- 8.7 ~9776 116.85 38.79 41204 52~74 738 '39.2 1052 
C20e 76.1 82.7 B7;3 111::.2 ' O. L~ 63~2 8.0 .g725 l04;9~ 37;16 iW126 52.11 727 38.8 1034 
C21e 66.8 82~5 88.1 115~5 10.0 62.2 7.5 .g703 96.72 34.45 39118 52.11 708 39.1 1000 
C22e 54.4 82.15 88.7 115.65 0 o 61.2 7,05 .9667 88~1? 32.87 37064 52;15 671 40.0 928 
C23e 4L~ .'+ 82.0 8g;3 llt:.6r::. 7.8 59.2 6.85 .9611-2 82.'55 31.16 36198 51.75 660 39~8 910 
c24c 30.6 8L6 GO.0 115.4 6.1 rb·.o 6.65 .Q596 72.81 27~o4 31rQ06 50.22 63[1 39.0 873 
I C2?e 15~1 81~25 94.ll- Jlc;.I'5 LJ.O Ln.o 6,0 .9655 22.68 21.30 30220 47.47 598 "36.9 819 
i C2be 7.9 81.1 95.'7 115.7 6.0 33.0 0.7 .9901 10.23 17.87 27240 46.89 546 37.3 731 
I 
l .----.----.. _ ..... _. ____ .__.. .. __ .•. _. __ .~w_~ ....... _____ ·._. __ •. _. __ ._ ... _ ... ~_~._ ... __ ,~_ •• "'_0-_"_ ...-.._._ ... .. _ 
INLET COMPOSITION 300,0 (~·!t.) ISOPROPYL ALCOHOL 
W L i1--,,--- ------- .----.--
C.F. 1b/hr 1b/hr Q/A ATov U ,~'l'J hi. H.c ". % s No. 1-------------_·_-_··_'_· __ ···-------- ._-_._---------_. __ ._-_ ..... --_. ------ --~.- _._-- ~.----- ----
.971.ir 102.67 40.2 
.968 95.66 38.43 
.965 88.15 36~03 
.9626 82.27 34.36 
.9608 77.92 32.86 
.9581 ~2.44 30.2 
~968 23.51 26.56 
.97~4 10.39 21 .• 4 
44966 61.62 
43750 61. 02 
41928 61.11 
41402 60~21 
40412 59.98 
38868 59.31 
37162 57.42 
32792 56.7 
704 46.0 
686 46~4 
657 47~2 
659 46.4 
646 46.5 
632 46.5 
629 45.0 
564 45.0 
977 I 
942 
88'8 C27c c28c 
C29c 
C30c 
C31c 
C32c 
C33c 
C34c 
C35c 
036e 
037c 
C38e 
03ge 
C40e 
C41e 
C42e 
c43e 
044e 
1
045C 
046e 
\ 
047e 
048e 
\ 
04ge 
C50e 
I 
91.4 82.1 
81.1 81.8 
67.1 81.5 
54.1 81.2 
42.7 81.2 
30.8 80~9 
19.4 80.6 
11.6 79.9 
92~0 . 82.4 
79~5 82.6 
69.5 [;1.9 
55.2 81.3 
411-.7 81.1 
31.7 80.9 
20;7 80.2 
9.7 80.2 
83;1 
94~5 
69.1 
57. 6 
44~6 
27.8 
19.1 
7.1 
81.8 
82.2 
81.55 
80.7 
80~7 
~0~3 
79.85 
79.3 
8~.0 
gg.s 
89.3 
90;2 
90.~5 
91.3 
93~a 
95. 6 
95.? 
95~2 
95.ft. 
95·0 
95. 2 
94.2 
95.4 
95. 6 
92.0 
9i.6 
92~7 
93.6 
94.4 
94.55 
91}.8 
95.2 
120.2 
120~3 
120.6 
120~4 
120.4 
120.3 
120.4 
120.8 
126.4 
126.0 
126.3 
126.55 
126.s 126,8 
126.6 
126.~ 
'33.2 
1"'3.3 
133.1 
133.0 
133.8 
133.1 
133.'7 
133.4 
C.r:) 6-:1.2 7,85 
~.6 60.2 7.45 
7.5 59.0 7.05 
6.5 56.8 6.85 
6,,2 ~5.2 6.~5 
5.0 52.0 6.65 
3.9 lt2.0 6.05 
3.0 32.5 O.G 
55 6.8 
1::2 7.t:: 
4g 1,°.0 
49 1 (). 0 
4?0 ,Q.5 
1~'7.0 18.5 
40.0,.q.o 
35·01'-'·.5 
3.5 
4.4 
3.2 
2.~5 
2.1. 
3.4 
J .1. 
0.85 
l~.~ 1::0.0 6,,?~ 
".0 "2.3 6.A5 
4.0 4?cO 6.65 
3.3 43.0 6.5 
3.0 39.5 4.2 
3.2 3s.E:: 1.1 
~.7 3~<0 0.8c; 
4.2 ~4.1~ 0.6 
.9573 
.9622 
.9647 
.• 0652 
.9669 
.9669 
.976' 
.9R49 
17~63 
1 0 .36 
16.76 
16.24 
].4.0 
17.55 
11.8 ) o. 6 
56.32 
52.6'8 
49.43 
44.57 
~o.53 
32.31 
29.26 
. 21.8? 
83693 64.53 
76016 64.53 
7312P, 65.52 
65376 66.B? 
59508 67.05 
46142 68.4 
43996 67.59 
33000 67.77 
123l~ 
1122 
1062 
93~ 
845 
643 
620 
464 
.00571 77.81 ~6.o6 59480 B1.04 710 
~8583 82~~7 4~.39 60570 81.27 722 
.9548 72.08 43.51 58388 80.51 702 
.9553 63.98 41~39 58330 AO.28 704 
.9594 18.92 39.28 55750 81.0 667 
.9721 11. 75 33; 16 48971t 79 ~ 97 594 
.0?6R 10.52 28.48 423?0 81.2 508 
.q?27 0.38 18.63 28090 r,0.82 34) 
32.8 
35~8 
32~1. 
42,;5 
45 .. 1-
51";9 
5LS 
56.:4 
59 .. '9 
59 .• 6 
59 • .-7 
5<; .. 4 
61. .. 3 
62..8 
66 .. 7 
72..0 
893 
869 
.-837 
824 
727 
"2546 
2120 
:1919 
.-1536 
1320 
890 
849 
585 . 
994 
1017 
977 
983 
910 
779 
635 
390 
"._--_._-_._._._------_._ .. _-"_ .. _-- - ----
INLET COHPOSITION 30% (vlt.) ISOPROPYL ALCOHOL 
--,"" .... 
No. % S TioC TooC TaoC CL% cv}{' H.cm. C. F. \-1 L W v Q/A l1Tov U !::.T" hi 1b/hr lb/hr: .. 
..--.----~ ..... ----- .. -
C51c 87.0 82~9 93.0 13R 0 3~6 4"'~2 6.q .9505 80.36 4B.71 64590 89.28 695 66.6 969 .) 
C52c 74.0 82~7 93.8 138.~ 3~3 1~3. 4 6~65 ~ 9.c;53 72.79 47.19 651no 38.2 712 65.2 1002 
C53c 62.6 82./+ 94~7 '3~L 7 3:0 40.0 5~2~ .0624 20.87 45. 11-6 63742 38.02 695 65.6 9?0 
c54c 50.9 82.1 ~5.5 13~~8 3.2 360 2.5 ~9665 14.99 11-2~ 27 61768 37.75 676 66.3 932 
c55c 37.8 8L7 95.8 1313.6 4.:0 32~R 0.8 ~9847 10.47 37.93 57232 37.48 628 67.9 81;.1;. 
C56c 27.7 81.45 96 .. 0 138.6 5·0 32~4 0.65 .9948 9.65 33.94 50498 37.53 565 68.6 735 
c57c 17.7 81.3 96.1. 13R.6 6.~ 31. ~. 0~5 .9988 8.36 27.46 [1-2096 37.57 461 73.6 5T 
C58e 6.7 81.1 96.1 138.6 9.0 31.0 0.35 1.0145 7.14 21.31 320 0 37.75 36c 77.7 42i: 
. . 
C59c 92·5 82.4 82; l~ ll~5.1 3~9 45. 7 6~7 .9554 75~25 52.95 7i546 1)0.44 685 75 .. 5 94-8 
c60e 78.6 82.0 82.0 1~'5; 3 3.0 41.0 6.45 .9564 61.6 50;97 72326 1 )0.44 693 75.0 96::, 
C61c 68.5 81.6 1'.1.6 14c;.3~ 2.8 3Q.0 5.05 .9597 20.45 49.46 70234 1)0.53 673 76.0 924 
C62c 55.5 B1. lf 81. L~ 145;3 2~8 37.0 3.1 .9606 16;42 46.28 67050 1)0.62 642 77.3 867 
c63c 49.1 81.1 81.1 145.1 2'~ 36.2 2.35 .9624 14~56 42~89 62700 1tJO.35 601 78;9 795 . .-' 
c64c 37.2 80.8 95.0 1/.1-5.2 2.5 36.2 1.75 .966 13.09 37.97 55572 101.1 529 82.7 674 
c65c 21.0 80.3 95;5 1!~5. 65 3.0 35. q o~q .9754 10.77 28.91 4261R 101.7 404 88~1 484-
c66c 9.5 80.0 95.8 145.3~ 3. 0 35.2 0.6 • 9~-~03 9.14 20.21 30116 101.16 287 92.6 325 
INLET COMPCSITION 50~6 (,n.) ISOPROPYL ALCOHOL 
C1E 104.0 82.3 r,3 ,., o .0 106;6 27.0 75.0 6~7 .9930 75.71 47;17 423H~ 40.14 1038 24;0 176i~ 
C2E 92;2 82.05 84.2 106.4 24;c 75.0 6~6 .9931 70.05 46~11 41678 39.64 1035 23~8 175(' 
C3E 78.9 81.75 85.0 107.3 20.0 73.0 6.5 .9886 64.18 45.35 42698 4).81 1030 24.5 1742 
C4E 66~5 81.4 85.5 107.3 16~5 ?2.C 6.45 .9840 57.81 42.76 41064 4).41 1000 24.8 1659 
C5E 53;0 81.15 86; l~ 107;3 14.1:) 70.0 6.0 ;9830 22.9 41.17 39740 4J.09 976 25.0 159::: 
1 C6E 32;8 80;6 89.7 J.07.4 11.5 63.t:; 1.8 .9841 13.29 34;68 36908 3l.8 961 23.8 1554 
! C7E 19~1 80.4 91.5 107~8 12.t:: 1:)7.0 0.6 .9986 9.33 28.4 33050 37.08 877 24.6 134r: 
! C8E 9.4 80.2 92.1 108. (' 15.5 ~5. 0 0.3 1. 0186 6.58 22.44 26800 37.08 711 27.1 991 
-----·--·------continued -;;veT .--------.-
INLET COMPOSITION ~~fo nit. ) ISOPROPYL ALCOHOL 
I No. W L 'ltI v ------ I. % S TioC TooC TsoC CL % Cv % H.cm. C. F. Ib/hr Ib/hr Q/A 4Tov U L\.T5 hi \' 
I 
F. 
t 
96~1 82.15 86:3 112~8 14~5 6;5 .9804 64~o8 6L95 60606 4).18 1213 26.0 C9E 70.0 2339 ! 
CIOE 81.2 81.8 87~3 113.3 12~8 6q.0 6. 1+ .9783 57.73 .?2~46 52514 4~.5 1044 30.0 1784 f .~ 
CllE 66.9 81.5 88.5 113.4 11. 0 66.0 3.75 ~9?56 18;13 48~38 49434 41.9 996 30~0 1650 ~ 
C12E 57.5 81.4 89;7 113.8 9.~ 63.0 2~3 ;9800 14~42 45.74 48770 41~6 988 30~c 1625 ~ " 
c13E 46;3 81.65 90.5 113.9 Q'(1 60;0 LO .9850 11.42 43.18 47q88 4'7.83 985 29~6 1618 
,
" 
, . -.) 
;. 
c14E 34.9 80.45 -·90.9 113~3 9.3 59.0 O~6 .9914 9.3 40~47 45654 47.47 947 30.2 1516 
C15E 23.4 80.15 90;9 113~2 10.0 58.0 0.5 .9999 . 8.45 3L62 36254 47.56 75C 34~0 1068 
c16E 11.6 Pc.o 91.4 113.3 12.0 5'7·0 0.4 1. 0118 7.75 21+.01 28016 47.43 581 37.0 756 
C17E 96.9 82.0 88.8 11°.? 10.0 66.0 5.1 .9764 20.71 59;58 60676 59.49 1.oc4 36~4 1669 
i 
, 
c18E 85.8 81.65 89.4 119.1 9.5 64.0 3~3 ;9770 17.1R 56~94 5972R 51~18 lelC 35~5 1687 
r! 
!, : 
C19E 74.4 81.45 90.6 119~4 q ~ 60.c 1..7 ;9799 13.02 54;85 6c822 57.82 1035 34~7 1758 ~ i ,,' .. ' \1 
C2CE 62~3 8L2 90.6 J] q~4 9.5 57.0 1 .,..., .9852 11.42 50.39 58c92 57.64 99235~5 1636 .• v ~ 
C21E L~3. 0 80.8 ?0;6 110 .5 10.0 57.0 C.7 ~9927 10.c8 42.11 48730 58;59 819 40;2 1213 
C22E 53.0 80.45 Qo.3 119.7 R.5 60.0 1..3 .°908 12.53 47.52 53006 59.53 876 39.6 1344 
C23E 32.4 8c.05 90.65 11Q.6 8.7 59.5 C,7 .9955 lC~12 36.54 41142 59.4 682 44.0 935 i I 
c24E 14.5 79.65 91.1 '19. g 12.0 Cj8.~ 0.5 1.0120 8.41 25.21 28930 59.?1 477 49.0 588 j' ... .. - , i 
l 
\ c25E 99.3 81.95 89.6 125.3 
0 ,.... 62.5 2.8 .9740 15.99 65.85 70422 68.89 10c6 42~O 1675 ' .. 
c26E 86.1 81.75 90..0 125;5 R ~ 6LO 1.R ;9758 13.23 61.2' 6682l~ 69.07 952 43.6 1531 '- . 
c27E 67;5 8] .• 25 90.25 125.7 9.5 60.0 1.1 ;9799 11.74 55.73 61338 69.66 874 46~2 1338 
\ c28E 61.5 81.0 90.35 125.7 9.Ci 60.0 0~8 .98::;2 10.39 51.63 57316 69.79 8c8 48;1 1190 
C29E 1~2. 0 80.5 90.65 125.6 10.0 57·~ o~6 .9931 9.18 42; 6/+ 49090 69.79 692 51.4 955 
: 
, C30E 32.0 80.25 90.5 125~R ll.0 57~O O~5 1. 0019 8;33 37;91 1+399G 70.24 616 53.9 816 
:1 
C31E 2o~8 79~9 91.1 125.8 11.0 511.5 0.5 1.0137 8. 11-3 31~ 6l~ 36182 70~29 507 57~O 634 
C32E 6.8 79.6 91.1+ 126.1 16.0 5?·O 0.4 1.0297 7.R5 IB.49 21826 70.83 303 61.8 345 
_ . 
~ 
. -.--. - .--~~---
INLET COMPOSITION 5~h (\-It. ) isOPROPYL ALCOHOL 
- --
-.. _.---.-_ .. 
No. % S TioC TooC TsoC C L % Cv % H.c1J1. C.F. 
W L ill v Q/A ~Tov U /J..T~ Ib/hr Jb/hr hi 
C33E 93.3 81.8 89.9 131~6 Q .s 63.0 2.25 ;9800 14.29 63.1 67070 80.1 824 54.9 1225 
C34E 81.9 81.6 90.3 131.6 9.0 6LO 1.4 .9822 12~54 59. L~9 65060 79.92 801 55.4 1175 
C35E 72.0 81.25 90.5 131.6 g.5 . 60.5 1.0 ~9852 11.42 55.45 61146 80.05 752 55.0 
1072 I C36E 56.5 81.0 91.0 132.0 10.0 60;0 0~7 .9927 10.08 49.51 55042 80~55 673 60:0 918 
c37E 45;0 8o~8 91.1 132.0 " .• 0 59.5 0.6 1~0023 9.38 43.16 48388 80.6'+ 591 62.6 772 
I C38E 28.0 80.3 91.4 13L8 12.t; 5'1.0 0.5 1.0126 8.54 34.34 39434 80.45 
482 66.0 597 
c39E 17.0 80.1 91.75 131.6 I /f.5 ~6.0 o Lt 1. 0267 7.84 28;15 33274 79~97 410 68.0 489 . . 
C40E 4.8 7~.9 92.0 131.9 21.5 56.0 0.3 1. 0537 6.76 17.91 21322 go.4; 261 73.2 291 
C41E 90.0 84.3 90.3 J38.2 8.0 59.0 1.8 ;9775 13.13 63.53 61292 91.6~ 766 55~7 1100 
C42E 78.0 84.0 90.2 1.38;0 8.5 60.5 1.3 ;9786 12.38 59.76 65776 91.6~ 707 67.0 982 
c43E 65.2 83.(> 00.3 13!';.3 ~.5 6Lo 1.1 ;9786 11. 7l~ 53;R3 5890~ 92.2'j 629 70.3 838 
c44E 56.2 63.5 90.4 J3~.4 9.0 5Q.5 0.9 .975Q 10.68 49.
g2 5571~ 92;61 5;,2 72.0 774 
c45E 40~4 83~3 91.3 17,8 •. t; ?5 5"·0 0.7 .9?19 10.08 39.62 45968 92.1; 491 75.
4 610 
c46E 28.0 83.1 91.4 138.0 12.0 56.0 0.6 1. 0063 9.15 34.15 40222 91.35 433 
7£';0 523 
C47E 20.8 82.9 91.5 13g .0 13.5 55.0 0.5 1. OJJ+!1 8.68 29;97 35824 91.4'1- 386 79.0 
455 
c48E 4.8 82.6 91.9 138.3 24.0 5Ll- 0 0.3 L oLt-89 6.7 13.89 17012 91.8) 182 87.0 196 
c49E 94.1 84.25 89.7 144.l~ 8.0 62.5 2.3 • 97P.7 14.3 63;27 67730 103;3> 
645 78.0 867 
C50E 81.0 83.9 90.1 144.4 R.o 60.5 Lt:; .9822 12.R1 58.87 64900 103; 3~ 
618 79~2 819 
C51E 69;9 83.7 90.2 11t4.4 R.5 60.0 1.0 .9
g95 11.61 55; 5 l1- 61680 103.41. 587 8'c;7 765 
C52E 53.9 83.3 90.4 ll~ I!-.l 90 60.0 0.75 .9Q08 10.33 48.69 54170 103.0'5 517 83.3 651 
c53E 43.0 83.1 90. 7 144.1 () .5 c·q.o 0.6 ;9
o P.7 9.23 42.88 49068 102.9; 469 85;1 576 
c54E 29;8 82.85 90.8 144.6 10.5 r:;" 00 0.5 1..0052 8.5 36.7 4,2078 103.9') 398 89.2 473 
I C55E 19.3 82./1-5 91.1 144.8 12 0 r:;r) ,0 0.5 1 0154 r.~57 30 82 35494 104.4
1f 334 92;0 386 
I C56E 8.1 82.35 91.3 144.7 1 t.:. 0 5~.0 0.4- 1.0300 7.86 24.02 28136 104.1? 
266 94.6 297 
! 
I ----,.- ~ . .. _._.--_ .. -.. - .. _ .. _- ._._~_ .......... ____ ....... 0- _ ._;._ 
----_._-_-1 
continued over 
~------------------------------------------------------------------------------
INLET COMPOSITION 87% Cl-It.) ISOPROPYL ALCOHOL 
.. 
. --~ -------··-W-t---\~ ,~,-----------.- ..... --.---
No. % S TioC TooC TsoC CL % Cv % H.c'n. C.F.. Ib/hr Ib/hr Q/A A.Tov U /.l;r,1- hi' 1-----...,.------'--_·-....--------'- . . - . 
C11 
C21 
C31 
C41 
C51 
C61 
C71 
C81 
C91 
CI01 
CII1 
Cl'21 
c131 
c141 
c151 
c161 
C171 
c181 
C191 
C201 
C211 
C2'21 
C231 
c241 
C251 
c261 
C271 
c281 ! c291 
110.0 82.7 
89.5 82.5 
75~5 82.25 
58~7 82.1 
l~6.2 81.95 
27.6 81.75 
14~2 81.4 
4.4 81.15 
101.1 
81.6 
67.0 
53~4 
38.9 
31.1 
19.8 
9.6 
98.9 
81.6 
71.2 
56~6 
46.9 
31.5 
22.2 
5.7 
82.85 
82;35 
82.15 
81.95 
81.8 
81.7 
81.45 
81.18 
82.55 
82.15 
82~0 
81.9 
81~75 
81.55 
81.4 
81.05 
80.5 
80.5 
P;0.5 
80.5 
80.5 
80.55 
80.6 
80.65 
80~6 
80.6 
80.6 
80.6 
80.6 
80~55 
80.55 
80.55 
80.35 
80.35 
80.35 
80.4 
80~4 
80~45 
80.45 
~0.45 
88.1 
77;7 
48;6 
37.0 
21.0 
82~95 80~8 
82.B 80:8 
82.1 80.85 
82.0 . 80.85 
81.8 80.85 
105.6 87 
105.~ 87 
J.05.8 g'7 
105.9 87 
105.g 87 
106.0 $7 
l06.1 87 
106.3 87 
110~0 87 
lJ.O; 0 87 
110.0 87 
110~5 87 
110~6 87 
P 0.4 87 
110.6 87 
110.6 87 
116~5 87 
116.6 87 
116.65 87 
116~7 87 
116~8 87 
116;g Po7 
11'7~O 87 
116.4 87 
122 87 
122' 87 
122.3 87 
122.25 87 
122.6 87 
P,7 
R" 
~7 
87 
S37 
87 
87 
~7 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
8'7 
87 
q7 
87 
87 
87 
87 
11.8 1.0078 133~14 
Q~l 1.0151 102;69 
7~9 1:0'63 87.07 
6.851~0184 70~14 
6.6 1~0228 59~08 
3:6 1.0371 15~39 
o~R 1:0555 7.45 
0.4 1.0652 6.63 
8;8 1. 0171 
7.6 L0174 
6.9 1.0184 
6.6 1.0220 
6;45 1.0289 
4.8 1.0356 
0.8 1. 0512 
0.4 1.0583 
7.7 1. 0' 74 
6; q Lo'84 
6.7 1. 0207 
6. t:5 1. 0228 
6.45 1.0289 
2.0 1.0390 
0.7 1.0513 
0.3~ 1. 0672 
6.9 L 0175 
6;65 1.0242 
6.15 1.0315 
2.9 1.0404 
0.65 1.0529 
98.95 
82.98 
71.42 
58.98 
5;;;09 
17.55 
8~98 
6.57 
84~ '+7 
71.42 
64.21 
56.93 
52~09 
11;9 
8.75 
6.25 
71.28 
59;21 
23;97 
14;25 
8.44 
33.22 23800 43~~ 
33.19 24050 43.'74 
32.98 24062 43.~6 
32.54 23868 44.~8 
32.54 23958 44~ 'n 
31.24 23198 44. '73 
26~66 19854 45. J.B 
19.91 1/1-842 45.72 
542 34~4 
541 35.0 
539 35~1 
531 35.5 
531 35~6 
510 36.2 
433 38.0 
;.~O 40.5 
38.97 
38;54 
38.4 
37.75 
35.88 
33~88 
30~09 
23.38 
47.15 
46;03 
44.91 
42;18 
39~34 
35.04 
30.05 
20.35 
51.06 
49.35 
43.34-
38~91 
31.34 
28250 
28202 
28220 
27846 
26520 
25160 
22396 
17428 
50~89 
51.34 
51~? 
52.6 
52~92 
52.69 
53;28 
53.55 
~ '1-6 
;11-1 
;37 
521 
493 
470 
414 
320 
40.5 
41~0 
4i~3 
42.4 
43~2 
43~5 
45.1 
47.5 
34460 63.05 538 50~5 
33838 63;63 523 51.1 
33090 63.85 510 51~7 
31132 63.9) 479 52~6 
29078 64.3 445 53.6 
26062 64.62 397 55.4 
22964 64~91 348 56.8 
15186 64.12 233 59.0 
37390 72.22 51') 58.5 
36248 72~36 493 59.2 
32106 73.75 428 62.1 
28882 73.48 387 63.0 
23298 74.29 309 66.0 
691 
689 
685 
67~ 
673 
640 
522 
366 
698 
68"8 
683 
657 
613 
578; 
495: 
36'j7 
684 
661 
640 
591 
54-1 
4711 
40~ 
I 257' 6'3~1 
613 
516 
}'51 T I 
35;: 
..... _ ........ __ .... ----- --- ..... _-_ .•. _ .. _---_._-_ .. _._._-------_._---------------_.-
.. ,~.' ~ ,. ,:":, .. ) '" ...... -~. 
INLET COMPOS ITION 537% nvt. ) ISOPROPYL ALCOHOL 
W L 1-1 v 
%S TioC TooC ° CL % Cv % H. cm. C. F. Ib/hr Ib/hr Q/A dTov .6Tf hi. [ No. Ts .. C. U --....--- t 
... 
C30I 12.0 81.55 8c~85 122:2 87 87 0~35 1.0631 6;39 25~24 18792 73~8 251 67.6 278 i 
C311 3.75 81.45 80.85 122.6 87 87 0.3 1.0674 5.66 18.91 14082 74.61 186 70.0 201 ~ 
C321 125 82.95 8c;6 126~3 87 87 7;2 1. Oi74 77~13 57.39 41900 80.2 523 63~5 661 ~ 
C331 77;5 82~6 80.55 127~4 87 87 6.5 1.025 62~3 50.4 37100 82.5 450 67~5 550 :, 
C341 61.1 82~1 f\C~55 127;6 ~7 87 6.4 1.0305 48.95 48.46 35798 83.29 423 70~4 508 . 
C·351 57~5 82.0 80.Lt 5 127:2 87 87 6.3 1.0316 36~51 47.35 35042 82.75 417 71.0 499 ~ 
C361 44.2 81:85 80.45 127.8 87 8'7 3;1 1.0388 14~33 43;25 32119 83.97 376 72~6 443 ; 
C37I 32.7 81.65 80.45 127:5 87 87 1:6 1. 0454 11.13 37~75 28066 83.61 330 74.0 380 : 
C·381 16.5 81;35 80.45 128.0 87 87 0.55 1.0548 7;89 27.19 20246 84.78 235 78~3 259 . 
C391 2.1 8],.0 80.45 127.8 87 87 0.35 1.0609 6.37 15.42 11496 84.73 134 81.4 141 • 
C401 83~1 82.30 80.4 133~2 87 87 6.5 1. 0314 55.58 57.18 42168 93.33 445 78;1 540 ! 
e411 65.0 82;05 80. It 133;4 87 P,7 6.38 1.0353 43~83 51.47 38058 93.92 399 80~4 474 
C421 45.7 81.85 80.4 133:8 87 87 3.3 1. 0433 14.~7 45~06 33460 94.81 347 83~0 403 : 
c43I 37~5 81~55 EO.5 133.3 87 87 2.0 1.0488 12.08 39:83 29676 94.1 310 84;0 354 : 
c441 28.8 81.4 cO.55 133;5 8'7 87 1.55 1. 0542 11.27 36~02 26812 94.55 279 85;5 314 i 
C451 7~8 8l.i5 fo.65 134.1 87 87 0;6 1.0648 8.12 26.82 19996 95.76 206 89;2 224 ' 
c461 3.3 80.85 ro.65 134.1 87 8'7 0.35 1. 0719 6.23 18.39 13728 96.03 141 92.3 14~ 
c471 87;1 82.7 80:75 139.5 87 87 6;5 1.0288 55.34 59.68 43950 103.99 416 88.3 498 
c481 72.7 82;55 ~0;8 140;5 87 87 6~4 1.0315 50.14 55~7 41079 105~88 382 91.4 450 
c491 56.7 82;25 ·80.8 140.8 87 87 4;2 1.0370 16;49 49.79 36914 105;69 341 93;7 394 . 
C501 44.5 82~1 go.8 140;9 8'7 87 2:7 1.0404 13.7 45.57 33922 107.01 311 95.6 355 
C511 35;3 81;85 80.8 141.1 8'7 ~7 1.7 1.0473 11.38 40.71 30256 10 7.59 277 97.4 311 
C521 25;8 81.7 80.8 141.0 87 8'7 1.1 1.;0526 10.34 36.72 27306 107.55 250 98".6 277 
C531 11.7 81:3 80;85 l L}1. 6 R'7 87 0.5 1.0607 7.28 24.e.7 18534 103.94 167 103;7 17S 
C541 7.9 81.2 80.9 11.'1.8 87 87 0.4 1.0652 6.75 19.66 14654 101.35 132 105.3 13.,1 
--. 
NO:3lJCLATUR!~ FOR TABL:ill 11 
Vm - Log mean velocity as defin'.3d on page fi7, whore 
x 
V inlet, e::;;:it is the inle"G and exit tv;o phase 
velocity respactivelY. 
vapour vJeight fra.ction 
Locld1art-Ivlartin'3l1i pressure d:-op parameter given 
by: (r:i) 0.9 (~) 0.5 ~) 0.1 
measured inside film coefficient. 
single phase liquid coefficient as define d on pageJ3 
overall temperature difference of • 
.. " 
submorgence given as '10 of heatecl length. 
i>l ATE R 
l/Xtt ht"/hL 
i ~ 
Vm x b.r- % s !\ T 1.--
16.0 0.018 o.~ 1.01 I 893 97.8 
12.6 0.014 0.6 0.6 522 88.0 
12.8 0.017 0.7 0.6 t:;26 76.9 
13.0 0.022 0.9 1.3 80.5 67.5 
14.1 0.031 1.3 2.1 ' 194 62.0 
11.7 0.03'5 1.4 2.1 998 52.5 -20°F 
10.5 0.04 1.6 2.3 893 45.7 
9.2 0.052 2.1 2.8 831 36.4 
8.1 0.079 3.2 4.0 793 23.4 
7.7 0.088 3.5 4.3 760 15.3 
7.3 0.417 21.6 25.3 1060 6.7 
5.6 0.508 30.1 29.0 757 2.0 
23.6 0.035 1.1) 1.7 1397 g4.o 
23.2 o.~- 1.6 2,.0 1486 87.2 
22.3 0.44 1.8 2.3 1516 81.0 
20.8 0.048 1.9 2.3 1372 73.1 
19.2 0.059 2.4 2.8 1342 63.8 
16.9 0.oR4 3.3 3.$1 12'70 49.6 31°F 
15.7 0.105 4.2 4.'1 1231 41.1 
13.2 0.121 4.9 L.6 988 31.1 
11.5 0.121 4.9 4.3 816 22.7 
12.2 0.499 29.1 24.4 1195 11.8 
5.4 0.457 25.0 14.1 405 40 
27.8 0.065 2.6 2.5 1510 100 
27.1 0.074 3.0 2.9 1575 92.1 
26.4 0.085 3.4 3.3 1600 82.8 
25.8 0.096 3,8 3.8 1634 74.4 
23.9 0.122 4.9 4.6 1577 60.4 
22.8 0.149 6.0 5.6 1572 49.5 41°F 
21.0 0.18 7.4 6.4 1442 39 
20.3 0.199 Fi.3 7.0 1391 31.3 
19.8 0.209 8.R 7.2 1341 22.4 
19.4 0.321 14.9 12.0 1460 14.2 
17.7 0.611 44.0 31.6 1470 9.5 
12.2 0.633 58.7 31.7 845 2.7 
36.1 0.294 13.2 14.1 3095 93 
36.8 0.302 13.7 14.9 32.35 85.5 
37.3 0.315 14.6 16.1 3320 75 
35.9 0.335 15.8 17.1 32L~5 64.8 
33.2 0.333 15.7 15.2 2745 54.4 51°F 
32.9 0.364 17.8 16.6 26<\0 44.0 
29.2 0.718 61',.1 53 2.:;60 34.6 
27.5 0.753 79.7 57.4 230.5 26.2 
24.9 0.780 01.4 5P.O 1908 18.0 I 20.7 o. ~318 , 113.0 52.0 I 1389 9.2 • I , ! 
.! t -. 
-- -
W ATE R (Continued) 
Vm x l/Xtt hf~_~~-~~1~ __ ··=·~_/"\T 
~---. ---
37.2 0.272 12.1 <1.3 . 2260 100 
37.0 0.28b. 12.R 9.8 2260 88.1 
37.3 0.321 14.9 12.1 24~0 79.6 
36.4 0.33B 16.0 12 •. , 2400 69.8 
34.7 0.333 15.7 12,0 22L~O 57.5 60°F 
32.3 0.380, 19.5 13.3 lS72 45.8 
29.1 0.729 '71. 3 41.6 1q16 35.4 
27.7 0.789 95.9 C2.2 IPOO 26.0 
25.8 0.777 89.9 L~5. 9 15PO 18.78 
27.5 0.772 13'7.7 41.8 1363 10.7 
37.6 0.311 14.3 g.5 1810 99.5 
37.5 0.333 15.6 0.1 1~10 85.0 
37.3 0.348 16.6 9.7 1824 76.7 
37.1 0.352 1'7.0 g.8 1R08 67.3 
36.8 0.368 1Q.0 10.2 1777 57.1 72°F 
33.3 0.623 46.0 23.2 1732 47.7 
32.0 0.672 55.9 26.8 1643 39.6 
30.4 0.771 '~7.4 38.6 1.1::53 29.2 
28.1 0.819 114.0 46.1 1388 21.3 
24.8 0.823 116.8 4301 1149 13.1 
12.6 0.761 83 . 20.6 426 5.2 
38.9 0.315 14.6 7.0 1520 96 
39.1 0.334 15.8 '7.6 1543 86 
39.9 0.364 17.'7 8.7 1642 76.3 
39.3 0.387 19. 4 9.35 1625 66.6 
38.6 0.412 21.3 10.2 1592 I 57.6 83°F 35.6 0.696 61.7 25.8 1586 48.0 
33.5 0.781 92.2 35.4 1466 38.1 
30.4 0.816 111.9 39.2 1272 27.0 
24.9 0.809 107.7 33.2 9Q'7 16.7 
18.8 0.783 92.8 25.0 651 8.4 
40.2 0.316 14.7 5.7 1266 96.7 
39.8 0.337 15.9 6.2 12Ro 87.4 
39.3 0.364 17.7 6.9 1284 76.9 
39.1 0.378 19.7 7~2 128 l l- 71.7 
36.1 0.642 49.6 17.2 1290 6L~. 4 96°F 
35.2 0.775 89.3 2R.~ 1280 56.0 
31.9 0.770 87.0 26.4 1108 43.6 
28.2 0.802 103.0 27.2 892 31.2 
23.7 0.814 110.9 26.2 700 I 19.8 17.4 0.801 I 102.7 21.5 I 479 9.2 I I I i I , 
I Vm i , y. I 
14.6 0.262 
14.1 0.309 
13.9 0.332 
13.5 0.372 
13.5 0.426 
11.4 0.734 
10.4 0.805 
7.5 0.807 
17.7 0.436 
17.1 0.459 
15.4 0.541 
12.8 0.753 
10.1 0.802 
7.9 0.805 
5.7 0.777 
18.3 0.450 
18.0 0.465 
16.8 0.493 
15.6 0.508 
13.6 0.731 
12.5 0.767 
8.4 0.785 
5·5 0.742 
19.5 0.518 
18.3 0.551 
16.0 0.761 
14.8 0.786 
11.1 0.812 
9.2 0.R16 
6.1 0.787 
20.4 0.566 
19.4 0.56q 
17.0 0.764 
12.6 0.833 
10.3 0.819 
6.3 0.?6h 
5.0 0.752 
ISOPROPYL LLCOHOL 
• l/Xtt h"f/hL 
5.0 8.91 
6.1 10.78 
6.'7 11.72 
7.9 13.17 
9.6 15.73 
31.5 43.2 
45.2 ~B.6 
45.7 51.6 
10.0 13.12 
J.O.o 13.76 
, L~. 6 1'7.61 
34.4 35.S 
44.3 40.7 
45.2 37.9 
38.9 29.9 
10.5 11.51 
11.1 11..98 
12.3 12.71 
13.0 13.03 
31.1 27,06 
36.8 31.8 
40.4 29.9 
32.6 21.6 
13.5 12.32 
15.2 13.3 
35.7 27.3s 
40.6 20 .65 
47,0 30.45 
43.1 29. li5 
41. 0 22.6 
6.0 12.37 
IF.2 12.28 
36.3 23.55 
53.~ I 30.1 49.1 I 26.3 
36.3 17.h 
I 34.2 15.8 
I 
I 1 
. -~-'" 
, 
hf 
{ . I S UBMERGENC:,~ 
------.~--------~-------~ 
, 
! 
I 
I 
I 
I 
I 
i 
I 
I 
698 
700 
698 
680 
6~ 
629 5sa 
39~ 
696 
66, 
618 
529 
401 
302 
21~ 
601 
59a 
549 
s08 
468 
431 
27' 
Ita 
55S 
518 
469 
428 
3C'1 
251 
159 
r:;03 
471:; 
419 
301 
242 
141 
111 
continued over 
105.5 
91.4 
79.9 
65.3 
49.2 
32~6 
22.8 
9.9 
9L2 
76.9 
60~8 
40.6 
23.0 
13.9 
5.2 
97.9 
84.8 
71.1 
57.0 
47.3 
3(j~7 
15.1 
4.9 
88.5 
72. i+ 
60 
49.8 
26.0 
16.9 
6.7 
96.8 
82.3 
63.6 
35.0 
21.7 
7.4 
1.5 
, Vm 
21.3 
18.8 
17.1 
15.9 
11.8 
7.4 
5.4 
23.2 
20.3 
18.4 
I 15.1 
11.4 
1 9.7 
\ 6.0 
l , 
I 
I 
I 
x 
0.574 
0.787 
0.804 
0.82 
0.832 
0.735 
0.78 
0.5C?5 
0.769 
0.805 
0.828 
0.832 
0.837 
0.787 
I 
ISOPROPYl, ALCOHOL (continued) 
l/Xtt 
16.5 
40.8 
L~5. 0 
4q.4 
'i3.2 
39.6 
3L4 
17.8 
37.2 
45.2 
51. 7 
53.3 
55.1 
40.9 
I 
I 
i 
I 
I 
h~/h 
11.1. 
L+ hf AToF SUBMERGENCE! 
s I -4-C;-8--4-------~----89tn2 • 
, 429 76.0 24.6 
C; 3Rc 54.6 25.6.
c; 354 97°F 50.5 I 27.5 .. 
26.3/ c:; 251 30.0 . 
17.t,; 
13.0 
] o. '7 
20. C; 
22.2 
24.1 
22.85 
151 11.7 I 1~ 4.2 
1+41 
401 
317 
289-
213 
179 
10' 
91.0 
78.6 
63.4 
44.9 
27.8 
20.7 
5.5 
APPENDIX II 
VISCOSITY OF BINARY MIXTURE~ 
As a result of research work being carried out in the department 
on factors affecting heat transfer rates in vertical tube ei'l1pcrators, 
it has been found necessary to have data t"egarding the v:i.5col-lity of the 
system I.P.li./water over a wide range of' rernperature and. eoncentration 
limits. 
Data contained in the literature 'Ill very scunty 0.'.1 ';his subjed; 
1 the only actual reference to the system being an inv3stigation by f.berlof 
but unfortunately, the variation of the viscosity with composition ~as 
.) o 
measured at only one temperature, 25 C. More recently Mikhail and I{iruel~ 
investigated the system normal propyl alcohol/water over a wide range of' 
temperature and concentration. Apart from these two works, there is n0 
other evidence of viscosity data on this system. 
This lack of data left us with two alternatives, either to 
calculate the viscosity of the system at the required temperature and 
concentration from an empiricaJ. re lc.t ion ship , or else to determine it 
experimentally. 
The viscosity of a binary liquid m5.xture oL' components A and B 
must result from the interactions between .~.,.-I., B-B C'_l1d A-B molecular 
groups. This postUlate requires that sorr.e experimental mixture data be 
available. On the other ho.nd, it would be very desiraule -Co be able to 
estimate mixture viscot-:it5.us using only viscosity data on the pUrE; 
components. 
.- 1 _. 
Isothermal liquid-viscosity-composition data may be very 
complex. Not only are maxima or minihla occasionally obser'ved, but :in 
almost no case is there a linear relationship between u (or a function 
u) and composition. Consequently, there is ret!.lly no "ideal" liquia, 
viscosi ty mixture with which to compare and contrast the unusual. In 
o.ddi tion to this difficulty, there is oftt~'1. :i.nterm.e1iate cOl71pound. 
formation between liquids ... ·;hich may produce et. sizec:.ble change in the 
viscosity in the region ar0und the CJmposl.t't on of the compound. These 
maxima and minima may als() be shifted by changes in tempeorature, etc. 
Tamura ffi""a. Kux·ata) [;.ssumed that the relaxati::m t:i,i1l6 f"Jr each 
collision, and, by assUleing sma::i.l volume cho.nges on Inixing, arrived 
at the following equation f0r binary mixtures:-
= 
mol, fractions of compr:ments 
viscosi ties of pure substances at low pressure 
viscosity "Jf inter:.'.cting substances 
= volume fractions :)f r.omponents. 
Equation (1) is Mtually 0. O.le com;tc..."1.t equat5,on ,:-'1 tho."b u..,? is an 
empirico.l content at each~:~empera tUre level. u i 2 may be c'"Jnsidered 
to vary with temperatures in the same wJ.y as a pure viscosity viz -
........................ ,l.,"'O ... ,. •• ~ •••• O (2) 
- 2 -
A test of equation (1) with s~me 30 mixtures of polar-polar, 
pola.r-non-pola.r, and non-pola.r-non-polar mixtures showed tha.t r.la.ximum 
errors were usually less than 5-7.%, even for mixtures containing 
polar substances and for cases where the viscosity for intermediate 
compositions is greater or lesser than for the pure components. 
This accuracy of course depends on the accuracy of the chosen value 
of u12 • If this can be determined for mOre than one value. a.nd a 
mean trucen, the error can be decreased. 
To predict binary viscosi ties where no experimentf'l. data is 
available is sometimes possible if the components are not GOO dissimila~ 
• or too polar. Lima4 suggested that Souders5 equation for single 
components could be modified for binary systems. 
log (log 19rmix) = Pmixx1I 1 + x2I 2 - 2.9 
x1M1 + x2M2 
" • • • • • • • • •• (3) 
where: )1 = viscosity of low pressure, c.p 
% = viscosity-constitutional constant 
M = molecular weight 
x = mol fraction 
Tests were made with alcohol-non-polar, acid-non-polar and 
non-polar-non-polar mixtures usually agreed to ~ 10% of the experi-
men tal value s • 
These methods ar8 the most useful, though there are several 
others employing alignmGnt chart ~pe techniques. Use of equation (1) 
- 3 -
G 
8£1010 (/N(ONSrJUCT£/) 
\' 
, . 
is governed by the availability of data regarding u12 " Equation (3 ) 
is not particularly suitable for the system considered here sjnce 
both components are high~ polar and subject to hydrogen bonding. 
With this lack of information in mind, it was decided to 
determine the viscosities of the mixtures over a wide range of 
temperatures and compositions experimentally. 
For the measurement of the viscosiJ(~l of the system; it was 
proposed to use a British standards U-tubr:; V':'5cometer of t r18 type 
indicated in the sketch. 
The reasons for using this type of measuring device wBre: 
(a) It is simple to use. 
(b) Used correctly the required degree of accuracy could be 
obtained. 
(c) There was one readily available for use. 
The experimental procedure for this instrument is very well 
known and therefore will not be elaborated, but briefly it consisted 
of charging the viscometer up to the mark G, and placing it in a 
thermostated bath; it then being left until it had attained the bath 
temperature. This was indicated by the cessation of expansion of the 
liquid in the glass leg above "G". Vlhen this expansion had ceased the 
excess liquid was removed such that the level approximately corres-
ponded with point "GII • The liquid was then sucked up part "B" and 
the time of descent between points "B" and r:C" was measured with a stop 
watch. This was repeated until two consecutive timL~gs were identical. 
This procedure was then. repeated over a wide range of temperature and 
- 4 -
concentration variation, the results of which can be seen in the 
accompanying table and graphs. 
The method of determining the viscosity from the results is: 
)J C Co = - -t 
where: C = consta..'1.t determined by calibrating 
with a standard fluid 
t = time of 'le scent in se'~(mds 
Co = design constant of the instrument. 
In this instance the U-tube constant C was determined u~:ng water as 
the standard fluid and using the viscosity figure given in Perry6. 
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Introduction 
APPENDIX III 
CONPOSITION HODEL 
The following mathematical relationship WaS developed to account 
for the variations in composition resulting from changes in submergenc~s 
and temperature difference. 
From observations.of the flow pattern, and the order of the data 
on the compositions of the two streams, i':; W:-.13 decided to base the 
model on the assumption that there was no back mixing in the tube, 
and that there was a cycle of events occurring in the tube. The cycles 
conformed to the following pattern. 
At the end of the previous cycle the sudden, almost explosive 
evolution of vapour at the bottom of the tube, cuts the leg of liquid 
in the tube off from the bulk liquid, and forces this liquid level 
(below the vapour space) down below the level of the tube inlet. 
Obviously, the force exerted dOi7nWards in depressing the liquid level 
would be matched by an upward force, causing the liquid above the 
vapour space to rise to the top of the evaporator. Ultimately, a 
point will be reached when the vapour space has increased to such an 
extent that all the liquid above it has been expelled from the 
evaporator. At this point, the pressure in the tube will collapse, 
thus allowing the liquid to pass up the evaporator, and hence repeat 
the cycle. 
It is appreciated that this is a simplification of the flow 
in the tube, but it provides a general picture that is L~ agreement 
with observations. 
- 1 -
,-
With these points in mind the model will be developed by 
considering the ef'f'ects of' heat and l1lass transf'er on a :iqu:Vl incre-
ment as it travels up the tube. 
In the development of' this expression, the f'ollowing assumptions 
were made:-
(i) the heat f'lux is constant over the whole t'Ube suri'ace. [Q) 
(ii) there is suf'f'icient time f'or the vapour and liquid to reach 
equilibrium at each incremental step. 
In the f'ollowing development of' the expression, ref'erence 
should be made to figure (1). 
Consider liquid entering the bottom of' the evaporator tube at 
A-A. Heat passed through tube to evapora"te liquid -
= Q rr D at, Btu/hr 
o 
................ (1 ) 
As the liquid is at its boiling temperature, all the heat is used in 
providing the latent heat of' evaporation. 
Latent heat ............. (2) 
where A and B are constants f'or the system e~d y = wt. f'rac. in 
equilibrium vdth liquid x. 1 
wt. of' vapour produced = 
Q TT Do dL 
= A(1-Y1 )-!-B lb/hr 
. . . . . . . . .. (3) 
Volume of' liquid entering the bottom of' the evaporator at A-A 
= 
- 2 -
where v. = inlet liquid velocity to the bottom of the evaporator. 
1 
wt. of liquid entering first element 
= 
2 D. TTv. Ps 
1 1 
4 
lb/hr ..................... " ...... . 
where Ps = the density at boiling conditions of the inlet liquid, 
composition xi. 
• • 
wt. of liquid at the end of the element dL 
= 
Q 7T Do dL ) 
- A( 1 - Y1) + B 
lb/hr .......... 
Let x
2 
be the new composition of the liquid as a result of 
the mass of liquid, expressed by equation (3), being evaporated from it. 
Then, by performing a mass balance on the inlet and exit for 
the more volatile component (all wt. fractions are in terms of this 
component) we get: 
v.Ps 
1 
exit liquid 
+ 
Y1 Q TT Do dL 
A( 1-Y) + B 
exit vapour 
= 
4 
inlet liquid 
Expansion of equation (6) gives the following expressesion for x2 
- 3 -
(6) 
Ax1 Di2 vi Ps(1 - Y1) - 4y1Q DodL + BX1 Di
2 
vi Ps 
x -~ 
2 - A Di 2 v. Ps (1 - y) + B Di 2 v. Ps - 4Q Do dL 
~ ~ 
......... 
The value of x2 can then be calculated for the increment, and this 
then used in the next incremental length, as the inlet liquid condition. 
The new mass of liquid of composit;::"~n x2 is -
TT Di2 v.Ps TT C.,..,. ~ - - gDo dL.o ) lb/hr 
4 A(1 - Y ) + B 
The new mass of vapour formed 
1 
= OTT Do dL _ Ib/hr 
A( 1 - Y2) + B 
where Y
2 
is vapour in equilibrium with liquid x2 • 
Now, new mass of liquid leaving the element -
TT Di
2 
Vo Ps 
= ( ~ 
4 
(8) 
........... 
Ib/hr •• (10) 
Now by employing a mass balance as in the previous case, and giving a 
value of x3 to the exit liquid composition from the second incremental 
length, we get: 
ex-i. t liquid 
- 4 -
exit vapour exit vapour I 
i 
from second from first 
increment increment 
TT Di2 v. Ps (_~~) (QTTDo dL ) 
4 - A(1-Y1) + B + 
( 11 ) 
inlet liquid inlet vapour from 
first increment. 
It can also be shown in a similar fashion" that 
( 12) 
Comparison of equations (6), (11) and (12) suggest the following gener~,l 
equation for x • 
n 
or x (, "<n-1 '? (, "n-2 7 
n l.C - ~1 D~ + Yn - 1 Dn -"1 = Xn _1 7..: -L-1 DiJ 
where C = 
TfDi
2 
vi Ps 
4 
and D1 ;D2 etc = 
9 7TDo dL 
A(1-y) + B Q~ Do dL A 1-Y2) + B etc 
- 5 -
....... 
x = x ~'pff n-1 - y: D n-1 n-1 Thus: 
............ 
-.::;n-1 
C - L..1 Di 
This presentation of the equation in the form indicated in 
equation (14) lends itself to a simple oalculation of the values of x 
n 
from the previously calculated one. 
~-2 
For example, in the calculation of xn the value of C - ~1 Di 
has been calculated in the previous step for determining x l' thus the 
n-
only new calculations to be performed for each step are:-
(a) determination of D 1 
n-
determination of (C 
<;n-1 
- L..1 Di) = 
n-2 
(C - 21 Di) 
This repetitive form of calculation lends itself readily to 
computer application, and it was decided to evaluate the liquid and 
vapour compositions from this model using the computer. 
The only difficulty using the computer apart from programming, 
is the prediction of liqui~vapour equilibrium figures. However, a 
programme was devised for predicting equilibrium data - which will be 
indicated later - and used :in the programme for this model. 
Initially, the model was calculated manunlly to determine 
its sensitivity to the size of the increment dL~ From this work, it 
was decided to use incremental lengths of 0.1 ft. The required 
sensitivity being obtained using this figure. The form taken by the 
programme was as follows. 
- 6 -
Illi tially the vapour COITtposit.ion y in eq1].ilibriUill vd th 
1 
the inlet liquid composi tion 2,~ v~as calculated and t~len :;: 
2 
Vias d'etermine d from the appropriate form of equation (14). 
In addition to these steps, t he liB. ss of vapc.ur far .ned in 
the ele.m.ent Vias o.eterr.lined and this, and its COllI'05::~ion wore 
stored in tlH~ memory section. Hav-J.l1g ca1cu~a tea, :: , y vtJas 
2 2 
then deterw..insd, and~:.. then calculatect, as before, from tT-'.e 
3 
appropria te forn of Gquatio21 (14). Again the vapour mass v~as 
calculated. and stcT.'Gd, along 'with its composition at that p:xL."1t. 
This process v~as t:'l8I1 re.!)eat.3d up t.he \';1101e lene;th of 
tube, recording at each st.ep t:~ vapour Dass and it. s point 
oomposition. 
VJhen tIle complete serie s of calculat.ions hac1 been COL'l-"-
plated, the final 1 iquid composi ti on V'JaS tY}!8d out, and an 
average vapour composition '.' .. as given, based. upon the following 
equation: 
y 
where fil:i. and Yi are tl2.e l"loint values of vapour D...8.S.S and 
cOLlposition. 
The statd111ents of tilS mod81 gi vel1 30 far are g:meral, 
in that the y could be appli·:;0. to any binary sY3te~1, the 
only limitation being t>at the lat::mt heat va~'iation 'vii th 
COlll}?ositiol1 must 'us cl' t.he :Lorm -
- A(l - y)-rB 
For the case of th3 systen LP .A.h"iater tho constant s in 
thi s eQuation al~e -
A ;, 681 B tu/,l b 
B 0:, 289 Btu/l b 
-7-
· lis cu s sion 
The data from the isopropyl o1coho~/water runs was then used 
in the computer programme of this model. The run data used in these 
calculations were exit liquid cnd vapour lllass flowrates, heat flux, inlet 
liquid composition, inlet li.quid velocity, inlot liquid temper'J.ture, the 
length and diameter of the tube and the liq."I.;J.lensity at j.n.l..cri.i conditions. 
From this data the exit vapour nnd liquid cCJ.Ji;Y\lsitions w",!,!;: calculated. 
The results of these computations were then ploi;'~ed in figures 
51-53, and from these it cnn be seen that in all cases the predicted 
vapour compositions were higher than the experimental oneso :a:owever, 
the measured and calculated liquid compositions agreed almost exactly. 
As a comparison, the compositions calculated from the measured exit 
flowrates were calculated, assuming that both exit streams were in 
equilibrium. From these it can be seen that at high submergence, the 
agreement for the vapour composition is very good, whilst the liquids do 
not compare so well. This would, perhaps, indicate that the flow pattern 
is a mixture of the two types. 
It has been found that in the runs with mixtures, a mass balance 
performed on the inlet and outlet masses of isopropyl aloohol indicated 
;. 
tbn. t more was entering the evaporator than Vias leav~,-!1g i·c. Tl1is apparent 
anomaly is thought to be partly due to the siting of -i;he inlet liquid 
sampling point; it being located some six inches from the evaporator 
inlet. The other factor i~ that hold-up has been observed to occur in 
the evaporator head, und3r conditions where this discrepancy betYveen inlet 
outlet masses occurs. At the end of the previously described cyole, 
_tl-1HE. MI9XIf1(JM D£V'lfT/OI\J W.4S Di= THe tJI<DE/t OF IO-:t.tJ%. 
- a .. 
the drop in the vapour pressure in tube, caused by the liquid being 
ejected from the top 0 f the tube, would allow the weak liquid in the head. 
to run back do,m the tube, thus reducin.g the ov-ernll composition of the 
incoming mixture. On this basis, the new inlet liquid composition can 
be calculated from the following relationship: 
1 W 0 
x. XO + ~:ro = 
J. Vi + Q. 
:t 
where x. = new liquid. composition J. 
IV = exit liquid rate 
Cl = exit vapour rate 
x = exit liquid compo si tion 0 
Yo = exit vapour composition 
This new liquid composition was then used in the computer 
programme, the results being shown on figures 51-53. From these it can 
be seen that it gives quite a good prediction of the vapour and liquid 
compositions especially at submergences below 5Q%. 
Determination of Equilibrium Data 
The relationship between liquid and vapour of a two component 
system in equilibrium can be expressed as follows:-
= 
••••••••••••••••• (16) 
- 9 -. 
where xi and Yi nre liquid and vapour mol frnctions of component (1) 
Y1 d ,r nn .1.2 are activity coefficients for c~mpOnGLts (1 ) D..."1d (2) 
Pi and P2 are vnpour pressures of pure components (1) and (2) nt 
the system temperature. 
Rearrar.ging this gives -
Yi Pi xi 
= 
- .... ...----. 
. . a_ . C ••••••••••••••• 
xi (7121 - Y2P2) + Y2P2 
The values of the nctivi ty coef:ficien'~s can be expressed by the Van Laar 
e quo. tion as follows: 
= Oil •••• ;t ••••••••••••• 
( 18) 
= ................... ~ 
Ai .2' A2 •1 are constants for a particular system at constant temperature 
and pressure, see reference (1). 
Another requirement is to know the variation of the vapour pressures 
of components (1) and (2) with tempernture. 
From data obtained from reference (2), the following empirical 
relationships have been derived for wnte~ and isopropyl nlcohol. 
- 10 -
= ...... 
(20) 
= (21) 
The only requirement we now need, so as to corr~lete the equation, is to 
know how the temperature T varies. 
Determination of Temperature 
In the evaporator tube, the temperature will vary au", ·G.") two causes, 
theyare:-
(a) change in pressure head 
(b) change in composition. 
(a) Temperature Difference due to Head 
Tioe = measured inlet te~erature. 
1 Let evaporator tube length = L and Tc is boiling 
L temperature of liquid composition x at atmospheric 
_. __ • PI..e5StJ/tE 
Now temp.~~creaae due to head = (Ti - Tc)oC ••• (22) 
Now, in the oomposition model beL~g investigated, it is 
postulated that undor all conditions liquid and vapour is present 
up the entire len5th of the tube. 
Therefore, the temperature increase due to the pressure head 
Ti - Tc CC/unit le~gth (23) = ---
L 
- 11 _. 
Now at the nth incremental step; the head of liquid/vapour above 
the increment = L - ndL . . . . . . .. . . . . . . . . • . . . . . . . . . . . . . . . . .. (24) 
Thus, the temperature rise due to the head at this point Th 
•••••••••••• ft;).· •••••• (25) 
Therefore, the temperature of the boi:L iug liquid at t.ilj point in 
the tube is given by -
~= 'I' + Ti - Tc (L _ ndL) °c c.n. L ....... ~ ......... (26) 
wher~ T is the boiling point of liquid composition x (at the 
c.n. n 
point in the tube) at atmospheric pressure. 
(b) Temuerature Change with Composition 
l~s a result 'Jf consulting the literature, see r()i"H'once (3) 
the following empirical relationships are put forward for the 
temperature variation with composition of I.P.A./water system at 
atmospheric pressure:-
i) Tc = 100 - Xi *5 (0 - 2% mol LP.A.) · ........ (27) 
ii) Tc 20 + 80.2 (2 -30% mol I.P.l~.) (28) 
--
· ........ 
Xi 
iii) Tc = 81.1 - x, * 0.01 (30-74% mol I.P.A.) • •• Cl •••• ,. (29) 
iV) Tc = 72.65 + x,* 0.105(74-88% m)l I.P.A.) · ........ (30) 
v) Tc = 76 + x,. 0.0675 (88-96% mol I.P.A.) · ........ (31 ) 
vi) Tc = 82.4°C (96-100% mol I.P .A. ) · ........ (32) 
_. 12 -
This method was then programmed for thG computer, to 
estimate vapour compositions in equilibrium with set liquid 
composition. The sequence of ca.lculation was as follows. 
For a given composition its equilibrium temp, was calculated, 
and - in the case when this prograa~e was used in conjunction with 
the composition model - the temperature rise due to the. head wns 
calculated ns in equation (25); the two I,hen being si.nmled to give 
the operating temperature under the c0ndHions be~.ng cO?1sidered. 
With this temperature calculated, the vapour pressures jf the two 
oomponents c'Juld then be determined. 
The activity c·')efficients were then calculated from equations 
(18) and (19), the values of the constants A1•2 and A2•1 were taken 
initially from reference 2 as follows: 
= 1.042 = 0.496 
However, as a result of trial and error to give the bost fit to the 
data, the following values were taken:-
.A1•2 = 0.95 11.2•1 = 0.8 (100-63% mol I.P.A.) 
A1•2 = 1.06 
,. 
~~2.1 = 0.476 ( 63-31% mol LP.A. ) 
A1•2 = 1.16 11.2•1 = 9·5 ( 31- 4% mol LP.A.) 
1~1.2 = 1.16 . ~.1 = 0.7 ( 4-1-.9% mol I.P.A.) " 
11.1•2 = 1.0 A2•1 = 0.7 (1.56-1.23% mol LP.A.) 
11.1•2 = 0.9 
I 0.7 (1.23-0}& mol I.P .11..) 
'/"'2.1 -
A1•2 = -j .08 A') -I = 0.7 (-1.9·-1.56% mol LP.A.) .:... • i 
- 13 -
From the values of P
1
; P2 ; Y1 ;Y2 thus calculated the vapour 
equilibrium composition Y1 could then be calculated from equation (17). 
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I.P.A. WATEH COMPOSITION MODEL 
JVl 
STOP 
TEXT 
TEMP.C I.P.A. LIQ. I.P.A. VAP. I.P.A.·VAP. EXIT 
17 > V 30=TAPE 9 
, n 1 = 1 
10>V39=7XV37 
V39=10-V39 
V39=V37/V39 ' 
, V 39=3XV 39 
- 9, V 3 9 ~O • 63 , 
-12,V39~0.31 
-13', V 39~0.04 
-14, V 39 ~O. 019 
-20,V39~0.0IS6 
-16,V39~0.0123 
-19,O.OI23~V39 
9)V40=0.9S 
V41=0.6 
-IS 
12>V40=1.06 
V41=0.476 
-IS 
13>V40=1~16 
V41=0.S 
-IS , 
14)V40=1.16 
V-41 =0.7 
-IS 
16) V 40= I' 
V41 =0.7 
-IS 
19)V40=0.9 
V41=0.7 
-IS 
20)V40=I.08 
V 41 =0.7 
lS>VI=V40XV39 
V2=Vl/V41 
V3=I-V39 
V4=V2/V3 
V4=I+V4 
" V4=V4XV4 
V4=V40/V4 
V4=2.303XV4 . 
V 4=EXPV4 
V5=V41/VI 
V5=V5/V3 
V5=1+VS 
. VS=V5XVS 
V5=V41/V5 
-' . 
. , 
I " 
• 
. :\ 
VS=2.303XVS 
:"J I VS=EXPVS :- -1#O.03>V39 .' -2#O.31>V39 
",.1 
-3# O.1S>V39 
" ':j 
. , 
-4# O. 69>V 39 
. \1 
" ;. 
-S .. O.91>V39 
, '1 -6 
~ . " .'1 1)V6=SOOXV39 
. .. ! 
., I V6=100-V6 I 
1 -7 
, 1 2)V6=O.2/V39 
I V6=80.2+V6 . " 
" 1 
. -7 
.1 
, I 3)V6=lXV39 
I V6=81.1-V6 ..... ...... . ,~ 
-7 
.1 
.! 4)V6=10.SXV39 1 
1 
V6=72.6S+V6 
-7 j S)V6=6.7SXV6 '1 
.J V6=76+V6 j 
-7 ] 6>V6=82.4 
1', 7)VSO=4 
VSl=nl/10 
VSl=VSO-VSl 
'J VSl=VSl/VSO . ! 
" 
.f.! .: '.~;' VS2=V 30-V 36 , 
., , 
',\, VS3=VS2XVSl 
" 
VS3=VS3+V6 
'1 V1=VS3XO.OI61 
'., 
.. 
I V7=1.5S2S+V1 j 
I V1 =2. 303XV1: 
: j V7=EXPV7 . . 
,1 V8=VS3XO.01641 
J 
"; V8=1.24+V6 
I , V8=2.303XV8 
i V8=EXPV8 1 j V 9=V 4XV7 
,j V9=V9/VS 
. , V 9=V9/V8 1 
,j VI O=V9XV 39 
" J Vll=l+VlO 
,1 
.'1 Vll=Vll-V39 
·1 
" 
Vll=VlO/Vll 
.. d V 12=7XV 11 . ,I 
,I 
.. ; :/'~~.\ V12=3+V12 
,1 t, V12=VII/V12 
",'1 V12=lOXV12 
" " 
:~;1 -11 .. nl>1 VS4=V32XV32 
.', c, VS4=VS4XV33 I, 
" 
. 
":'1 VS4=VS4XV34 2 
I 
, '1 ", .:: .. 
. '. • . ~ 1 • 
! 
• 
: ' 
. ,~ 
, I ,,' 
" . 
• !t. 
" 
" 
,I 
, , 
, I 
j 
,·1 
',I 
i 
. "! 
, , 
',J 
.. 'j 
,.' " 
, ',-1 
:1 
" .. -,.1 
J 
'I ,', 
·1 
I 
I 
I 
" 
V54=V54/4 
V55=O 
11) n2=55+n 1 
vn2=1-VI2 
Vn2=759XVn2 
Vn2=Vn2+389.4 
V14=1 
V16=V14XV35 
VI6=v16/0.681 
vn2=vl6/Vn2 
,Vn2=V11 2XV 36 
Vn2=Vn2XO.l 
n3= 130+111 
Vn3=Vn2X3.142 
114=180+111 
V114=VI2XVn3 
-16"nl:.l 
V130=V131 
V131=0 
V180=V181 
V181=0 
16>VI30=VI30+Vn3 
VI80=VI80+V114 
V129=V180/V130 
n5=54+nl 
V54=V54-V115 
V 120=V54XV37 
VI7=VI2XVn2 
VI21=V54-V112 
VI20=VI20-VI7 
V124=V120/V121 
VI21=VI21X3'.142 
V37=V124 
nl=111+1 
V122=111/10 
V123=4 
XPHINT V53" 3063 
SPRINT V37,,4063 
;SPRINT V12,,4063 
SPR INT V 129" 4063 
SPRINT V 130" 4063 
SPRINT V 180" 4063 
SPRINT V121,,4063 
V 1 21 = V 1 21 XV 37 
SPRINT V121,,3063 
"10"VI23;.VI22 
-17 
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APPENDIX IV 
FLUID FLOW MODEL 
The following model was developed to explain quali ta ti vely 
the flow phenomenon/obtained in a vertical tube evaporator. 
The model is based on an air-lift system, and assumes gas/ 
vapour injection at the bottom of the tube and, therefore, does not 
apply explicitly to the case of the evaporator where vapour is being 
injected into the stream at all points along the tube heigh.t. However, 
it will show the general effects of change of submergence and gas 
velocity on the liquid flowrates obtained in an evaporat(, .:'. At 
present an adaI]<1'\.on of this model is being attempted to allow for gas 
injection along the tube surface; unfortunately no data \;eavailable 
yet on its performance. 
Because of this, the air-lift flow model is presented, which 
whilst not agreeing quantitively gives a qualitative explanation of 
the data obtained. 
The following assumptions were made in this model:-
(a) slug-flow occurs in the tube * 
(b) entrance and exit effects are minimal 
(c) friction is due to the water/tube surface contactjng 
(d) no liquid slip occurs. 
The basis of this approach is that the driving force controlling 
the flowrate through the evaporator is the difference in head between 
the preheater and the t 11be, and hence the liquid flonrate caT'. be 
expressed in "i;ht1 "form·. 
* Alternate segments of liquid and vapour, completely filling the 
- 1 -tube laterally. 
Lt, .. " !ixrr 
, 
\ 
.. ---- -'"T-.---.-----,-----. ------ --------." 
'. , 
where : 
L = CvA J2gLl H I ft3/sec 
L1 H = Hs -(HT + Hf + Hv) 
and: Hs = liquid head in preheater 
HT = liquid head in the tube 
Hf = frictional head loss in the tube 
Hv = velocity head loss in the tube. 
Cv = system constant (~ 1) 
Now the liquid head in the tube can be expressed as:-
where: E = vapour void fraction 
H = tube length above datum 
It has been found (1, 2) that the rise velocity of slugs can be given by, 
v = 
where G, L are vapour, liquid volumetric flowrates 
A = tube area 
D = tube diameter 
Assuming no liquid slip occurs, the rise velocity equals to gas velocity 
hence: 
G L 1 G 
1.2 <+-)+O.35(gD)"2 = -EA. ft/sec. 
G 
whence: E= ._- 1 
1 .2 (G + L). + O. 35A( gD )"2 
- 2 -
The frictional head is given by: 
2 
H = 2f L v 
f Dg 
The assumption was made that the friction head was due to the liquid .• 
hence: 
L = H( 1 - E) = Effective length of liquid in the tube 
thus: H _ 2fH(1 -E) f - Dg 
t.2 (G 1 L) + 0.35 (gD)t) 2 
substituting for E 
and: 
and: 
where Pg and '1. are gas and fluid densities respectively. Thus Hf , HT 
and Hv are defined in terms of the operating variables, and hence the 
driving head can be determined for conditions of liquid and gas velocities. 
which with the previously derived expression for the driving head, 
will give the following expression for the liquid flowrate: 
L3 .... L 2B + Le + D = 0 where A,:8,C and. D are as 
given in the a~companying table. 
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..................... --------------------------~------
~ ~ ~ 1----------~~---------_-~-\=.~=G==~~------------~-----l.Z~~~~---------------~:--_---l.~~~--~·~~ 
~ 
+ ~ (~.Q, ~3-""';~~) 
A~%C .. '; 
r;..,/ A..Z 't 8' 
+ g.3;' A.(a~'VZ' 
c.""z. A? Z'(f 
.. 
\. 7:.!>ai ~f ~ 
+ 
O%J! 
-t- Q. ~~GA( ~ ea)Z' * 
O~A6: 
~ 
+-l·~""~·~S ~ (!!'c/ 
:f1. 
l' 
_ o.as "'-'S~)' Z' Iot"-
or o·z.~_~f~ 
03'AZ 
As can be seen, the expression for th8 liquid rate is 
in the forn of a cubic, 'V'Jher0 the expressions A,. B. 0 an.d 
D Hl"'e complicated functions of t..'l-J.3 tube dialD.eter and gas 
velocity. Vvith this complexity in mind, it \'Jas decided 
to evaluate the GXpression by means of a computer 1'01' given 
val ues of gas rate, submergence a!ld tube diameter. 
A gi V'3n SGt of cono.i tiol1s vlJere f·ed into tha computer 
and from th3se Vier l3 cm culated the values of A, B, C and D. 
The cubic equation d.escribed J)reviously '\:\ias then solv'3d '!!dth 
t h al . th -!-'h 0. <> CARl· ~1\T5 .1' • -I- t'· eSG v ues uSJ.ng 3 Dlecuo OI .1.2,;J.'I, GLle prJ.nv ou 08J.l1g 
one of the follovling forLls:-
(i) Three different real roots 
( ii) One real, Ti<\:O C ompl ex 
(iii) ThroG 1""Jal (tviO o qual ) 
In nearly 8yery case tested, th':) print out Vias of t11a form 
(ii) v~hich avoid_GO. any doubt as to i'hich root to take. 
iI!lIDl1 this step had been taken, tbJ computer vvas p1"'o-
grammed to r0peat the 111:' ocedure in increm·:mtal steps, thus 
covering conditions up to 1005'v sub.morgence and gas velocities 
up to 5 ft/ sec. The effoct of tube size 'Vv8.S also invest-
igated by repeating the series of calculations for 
o_if:t'3rEmt diameter tu bos. 
The res'ults of tIus mod.el can bG soen in figures (49, 
50) vil1ere the ;)ffoct of tub0 siz·e is 81 so shown. From 
th3se r'3sul ts it can be S(30n that a ma::imum liquid rate can 
be e:{pect,,:=;d at a gas v31oci"'Gy of about 3.5 ft/ sec 
Vvhich is far short of that found in avaporator tubes 
-4-
by Piret3 - approximately 30 ft/sec. It would be expected that where 
vapour is injected all the way up the tube, one would obtain the 
maximum at a higher velocity, since the high gas rates - and hence high 
friction heads - occur at the top of the tube and therefore would not 
have a great effect on the flowrate. It is not easy, however, to 
compare the liquid rates as the submergence was not given by Piret3 
but the order of magnitude is the same. The same can be said or the 
results of Wilson4 , though there is not much data which is of a similar 
nature. From these it would appear that the approach is a valid one 
for low velocity air-lift systems, and also gives a qualitative 
picture of the floVl in an evaporator. However, the biggest aifficult:!..€ls 
in adapting it for latter case are th e collapse of the slug flow 
regime, and liquid slip. 
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'. I 
.j 
.1 , 
··i 
• 
.. i 
i 
'. I 
j 
I N ' .. J .. 
,.:; AIR l.IFT DATA 
i :'.; JVl "'1 
:"i STOP , 1 
· ... 1 V30=TAPE 4 \ .! 
.. ! 10)TEXT I' '.' ·1 TEST CONDIT IONS ARE . ~ 
j PRINT V30,3022 .. 
S PR WTV 31,4028 J 
.; 
V32,4022 
'j S PRINT 
' .. 
S PRINT V33,4022 
··1 V34=0.00107I'V31 I 
.1 
V34=V34+0.023 "- , 
. " '-V35=0.023XV30 
V 36=SQRTV 31 
I V 36=V 36XO.038 V35=V35+V36 
...... , 
.. j 
V36=V30XO.002324 
V36=V 36XV33 
1 V36=V361'V31 , 
, 'I V35=V35+V36 i 
". 1 V36=SQRTV31 
I V36=0.005325/V36 
"1· V36=V36XV33 
I V 35=V 35+V36 ; I 
.. 
'I V36=V 36+0.02235 ' ::: 
1 V36=1.00735-V32 j'l V36=V36Xl.2 .,' '1 
'I V 37 = V 30 X V 30 
i V 37 = V 371' V 31 ' ., I 
, ; V37=V37XO.0011428 1 
1 
V36=V36+V37 
V37=SQRTV31 ,. " 
! V37=0.00769I'V37 1 V 37 =V 37 XV 30 1 
'j V 36=V36+V 37 
' .. 1 V 36=V 36XV 33 1 ..., V37=0.0447XV30 :1 
,j V 36=V 36 +V 37e' V37=32.2XV31 
,I V 37 =SQRTV 37 '1 , , I . , V37=V37XO.OI304 .~ 'J V36=V36+V37 
, ".','::J 
V37=V30XV30 
V37=V37XV30 
·1 : I' V37=V37XO.OOOI79 
" 
'. 
,'j V 37 = V 37 I' V 31 
V 38=V32X ).2 
" 
. .'~' J ' '. V38=V38-0.20639 
:.' .. V38=V38XV30 
., 
V 37 =V 37 -V38 . '.:1 ' 
':1 V 38=SQRTV31 
'I V38=V38XO.11986 
;j 
:- .. 
" , 
.',.:'1 
, "'",' 
,1 
-) 
" I 
i ',' 1 
1 
'I 
, '1 
1 V37=V37+V38 ,) 
,I V38=SQRTV31 
• I V38=O.00236S/V38 , l 
:i i V38=V38XV30 
" 
1 V38=V38XV30 1 ;'! V37=V37 +V38 
. i 
" '.: V37=V37XV33 I "" j 
, . ~ 
V 38=V 30XV30 ,,', ! 
I V 38=V 38XO.OO684 " : .. ~ 
',' :.1 V37=V37+V38 I 
'j V38=SQRTV31 
' '] 
,:: .. V38=V38XV30 ' 'I 
'I V38=V38XO.074 I , V37=V37+V38 ' I 
.1 V 38'=V 31 XO.0612S 1 
" , 
'I V37=V37 +V38 
" I V 12=V 3S/V 34 
i V 13=V36/V34 
• --, I V 14=V311V34 '-! 
<.1. 
:1 
PRINTV 12 .. 3084 
PRINTV13 .. 4084 
I PRINTVI4 .. 4084 
I Vl=VI2XVI2 
I Vl=Vl/3 
.,1 V3=V13-Vl 
I V19=VIXV12 
I V19=V19/4.S '. 'f I VI0=VI2XV13 
I VIO=VIO/3 
I VI9=V.19-VI0 
.. ! 
" ~ .. ',\'(1 V2=VI4+VI9 . ! VI =V2/2 
.", V13=V2XV2 _r 
, . ,I . 
J V13=V13/4 
" V14=V3XV3 ' . i j V14=V14XV3 1 
I V14=V14/27, 
:.1 V13=V13+VI4 
,I 
" i V20=V 12/3 J 
i ~1 .. V13=O 
! ~2 .. V13>O , 
I TEXT 1, 
:1 3 DIFFERENT, REAl. ROOTS 
,:1 
V1S=-V13 
·1 V1S=1.0GVlS I \ .. V1S=V1S/2 
' 1 I :'1 V1S=EXPV1S 
, :,". ~ ~ VI6=VIXVl I 1 
, ~·:·,.~::i Vl1=V1SXVlS i i 
" "j V16=V16+V11 
'I ·1 
.:. 
" 
, 'I V16=1.0GV16 ! 
,] V16=V16/2 I 
,J I .. Vl=-Vl' 1 ..... I 
.1, . i 2 
I 'J '.) 
':'! i 1 
I I .:1 
" 
.' ~ I 
----:-----.. ------~~~~~- -I 
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I 
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'j 
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I 
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'I 
1 
.:1 
. ::: j 
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• .1 
·1 
j ).,; 
., 
·'.d 
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. I 
'. :) 
" 
,'! 
. ! 
"12" V I;tO 
V17=I.S71 
.. 13 
12>VI7=V1S.iVl 
V17=ARCTANV11 
"13"Vl1>O 
Vl1=Vl1+3.1416 
13>V16=V.16.i3 
VI6=EXPVI6 
V16=2XV16 
VI8=Vl1.i3 
VI9=COSVI8 
V 19,=V 16XV 19 
VI9=V19-V20 
PRINTV 19" 3064 
VI9=VI6+2.09S 
V19=COSV19 " 
V19=V16XV19 
VI9=VI9-V20 
PRINTV 19" 3064 
VI9=VI6+4.189 
V.19=COSV 19 
V19=V16XV19 
VI9=VI9-V20 
PRINTV19,,3064 
"6 
1> TEXT 
3 REAL ROOTS- -2 EQUAL 
Vl=-Vl 
Vl=LOGVl 
Vl=Vl.i3 
Vl=EXPVl 
V1S=-Vl 
V1S=V1S-V20: 
PIHNTV1S,,3064 
PRINTV1S,,3064 
V1S=2XVl 
V1S=V1S-V20 
PRINTV IS" 3064 
"6 
2>TEXT 
1 REAL 2 COMPLEX 
V1S=LOGVI3 
V 15=V 15.i2 
V1S=EXPV1S 
VI6=-Vl 
Vl1=VI6+V1S 
"S"VI7>O 
VI7=-VI7 
V17=LOGV11 
VI7=Vn.i3 
Vl1=EXPVI7 
3 
. '.1 
.. '1 
~ 
! 
"I 
• 
·:,1 
.'! V17=-V17 I 
," 
" 
I .. 6 " 5)V17=LOGV17 : 
,:, "I V17=V17/3 
. :'1 VI7=EXPVI7 .. . ; . 
." I 6)VI6=V16-VI5 
<I .. 3 .. VI8~0 , ' VI6=-V18 
, , V18=LOGV18 
! V18=V18/3 
" 1 V18=EXPVI8 
'I VI8=-V18 
-4 
3) V 18=LOGV18· 
V18=V18/3 , ' ..... 
V18=EXPVI8 
<'-, 4)VI5=V17+V18 
:j V2l=V15-V20 i. 
PRINTV21 .. 3084 
.. -~, . I VI5=-VI5 j V15=V15/2 
,! V16=VI7-VI8 
'/ 
V16=V16X.866 
• 1', VI5=V15-V20 , 
PRINTV 15 .. 3084 
, 'I PRINTVI6 .. 4084 ! PRINTV 15 .. 3084 '. 
:;'1 
' . 
VI6=-VI6 ' ! .;' 
- , . . ~ : PRINTV 16 .. 4084 ;' t -'.~ , 
" , 8)V32=V32+0.1 
,I 
- 10 .. V 32;t 1. 1 I V30=V30+0.5 1 
I V32=O.1 
I -10 .. V30;t5.'5 
", 
' j V31=V31+0.0417 
1 V30=O.5 
l V32=O.1 
I 
-1O .. V31;tO.5421 , I , 
-9 I, Vl=O 
" I 9)STOP " . 
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APPENDIX V 
Sample Calculation: Run Number C1 (water) 
1. Co.lculo.tion 'Jf Corrected Flowrc.tes 
----------------------------------
(--
Now Q = Cd K Jh 
where Q = volumetric flowrate 
Cd = o.ppr ~prio.te coefficient of discharge 
K = c0nsto.nt 
h = meter reo.ding in centimetres. 
At calibration conditi':ms:-
Q = c Cd K Jh 
l~t run cr:mditions:-
••••••••••• ~ • 5 ••••••••••• 
· ........................ . 
K is 0. geometric constant, governed by the no.ture and size of the 
(1 ) 
(2) 
orifice. This consto.nt also incorporates the gravito.tiono.l constant. 
Thus, rearranging (1) o.nd (2) we get -
1 Cd and C d are functions of the Reynolds number o.nd thus can be 
determined from the Euler plot of Reynolds number versus Coefficient 
of Dis charge. 
- 1 -
(a) Condensate Meter 
From the appropriate graph 0f Re. No. versus meter reading 
(figure 10), the Re. No. is - 2,390 at calibration conditions 
for a meter reading of 11.8 cm. 
(viz 14.8 ~16.80C) 
Now Re = v D :e ~ 
For a constant head reading, the velocity through the orifice remains 
constant. 
This is a valid approximation, since the correction to the flow 
is of the order of 1%, whilst the physical varicbles,namely, viscosity 
and density, have a total variation of the order of 25-30%. 
Thus, at calibration -
Re = c0nstant *~ 
}l 
and at run conditions -
Re 1 = constant *e. }l' 
1 1 Thus,Re = Renp *f1 
1 
}J * P 
Now, for the conditions o.t 
J1 = 1.12 c.p. 
pi 
= 1.405 c.p. 
(11 = 0.9999 
f = 0.999 
C .1 
- 2 -
0 (temperature = 86 C) 
• R 1 •  e = 
2.390 ~ 0.9999 * 1.12 
1.405 *' 0.999 
= 1906 
Thus, from the Euler plot (figure 13) we h~tVe -
Cd at calibration = 0.67 
Cd at run conditions = 0.68 
Thus correction factor = 0.68 
0.67 
Correction factor (C.F.)= 1.014 
Flow rate = 3l7cc/min (Calibration) 
:. Corrected flowrate Q = 317 '* 0.999 '* 60 x 1.014 lb/hr 
453.5 
= 42.55 lb/hr 
(b) Overflow Meter 
The calculations are similar to those used for the condensate 
meter, except that it is complicated somewhat by the presence of 
two orifices. This is overcome in the following manner. 
From the plot of Jmete-~'-re;cifug versus flowrate (Fi~. 11a) 
the iower linear position AB is extrapolated to point C, and the 
readings of BC transferred. to the calibration chart (figure 11). 
Thus, for any meter read.ing, the flow con be split between the two 
orifices. 
- 3 -
From figure 12 the Ro. Numbers thMugh the two orifices 
at calibration conditions are as follows for a reading of 7.~ c.m. 
11 
1 
orifice 2,260 16 
* 
orifice 2,220 
1 1 l~s before, Rc = Re P .. U 
}J 
,.u1 
P 
p1 
For 1" Re 1 
16 
For * 
U1 P , 
= 1.08 
= 0.3702 
= 0.9998 
= 0.974 
= 2260 * 0.214 * 1.08 
0.9998 * 0.3702 
= 6,670 
= 2220 * 0.974 * 1.08 
0.9998 * 0.3702 
= 6,650 
From Euler plot, figure 13, we have for 1" orifice -
1b 
Cd at. calibration = 0.672; Cd nt run conditions = 0.63 
C.F. = 0.938 
- 4 -
For ~ orifice- Cd at calibration = 0.672 
Cd at run conditions = 0.63 
C.F. = 0.938 
In this case, the mean value is 0.938, but usually it vrould be 
calculated as follows, using proportional parts of the flow. 
From figure 11, the floTI through the small orifice is 
196 c.c./min. 
:. flow through large orifice is 544 c. c./min 
••• Mean C.F. = 196 * 0.938 + ~ * 0.938 
740 740 
= 0.938 
:. Corr~cted total flowrate 
= 
= 
740 * 0.9998 * 0.938 * 60 Ib/hr 
453.5 
91.91b/hr 
Now total flow through the evaporabr must equal the sum of the 
condensate and overflow liquid 
= 134.45 lb/hr 
- 5 -
2. Heat Balance on System 
Q 
! 
I 
~--! 
'--~ 
Condensate 
Overflow 
Now, Q 
where Hs 
~E 
~I 
= 
= 
= 
= 
~" T=102.9°C W = 
i Vi lb/hr w&v = 
From the steam tables: 
Hs a.t 99.6°c = 1150.5 Btu/lb ~ 
99.9°C ~"E at = 179.6 Btu/lb ) 
102.9OC Btu/lb l hLI at = 185.3 
vHs + w~E : ~I Btu/hr 
enthalpy of vapour, Btu/I}j 
. L.I QV'D 
enthalpy of ex~t va~3~r BtU/lb 
enthalpy of inlet liquid Btu/lb 
w + v lb/hr total inlet ra.te 
exit liquid and vapour rates 
This data. for the mixtures can be 
obtained by referring to figs.16, 19 
Q = 42.55 * 1150.5 + 91.9 * 179.6 - 134.45 *" 185.3 
= 49,000 + 16,500 - 24,920 
= 40,080 Btu/hr 
3. Heating Surfo.oe Area. (inside) 
Diameter = 0.485" 
Area = 4 * 1'r * 0.485 
12 
= 0.508 ft2 
Heated length = 4' 0" 
- 6 -
4. Temperature Difference 
i~8 the inlet and outlet temperc.tures in the evaporator only 
vary from one another by c. small c.m0unt, it is sufficient to 
assume an arithmetic mean. It is also assumed that any condensate 
leaving the steam jacket is at its saturated temperature, and thus 
there is no temperature drop on the steam side. 
Thus, 
~t = 153.8 - (102.9 + 99.6) °c 
2 
5. Overall Coefficient of Heat Transfer 
Q = UA A t 
u = Q 
A6t 
= 40,080 
0.508 * 94.5 
6. Inside Film Coefficient 
1 = 1 - L D2 _ D2 
- --
- 7 -
where h2 = inside film coefficient Btu/6rXft
2)(OF) 
u = overall film coefficient Btu/6rXft2XoF) 
L = wall thickness ft 
k = thermal c~nductivity Btu/~rXft2X(OF/ft) 
D2 = inside diameter, ft 
D1 = outside diameter, ft 
DAV = average diruneter, ft 
h1 = outside film coefficient Btu/~rXft2~F) 
Assuming a value of h1 of 2,000 Btu~rXftleF) 
= 1 
U 
0.086 ~ 0.485 
12 * 218 '* 0.571 
(0.0000279 + 0.000369) 
= t - 0.0003969 
= 1 836 - 0.0003969 
= 0.001187 - 0.0003969 
= 0.0007801 
- 8 -
0.485 
0.657 *" 2,000 
The preceeding section is a description of the manual 
operations required for determining the film coefficients. 
Obviously, this is rather a laborious operation, so the computer 
was programmed to calculate the required results from the run 
data. The technique was essentially the same as for the manual 
operations, except that the Euler plot (fig. 13) was represented 
in a mathematical form to enable the coefficien,s of discharge 
to be calculated. for a given Reynold.s Number. 
The following run data was fed into the computer for 
each set of conditions: 
Entrainment liquid rate, density and. viscosity of entrain-
ment liquid at run cond.itions, cond.ensate rate and. density at 
run cond.itions, cond.ensate composition, inlet temperature, specific 
heat of inlet liquid, outlet jemperature, specific heat of outlet 
liquid and. steam temperature. 
From this data the heat tra.'I1sfer coefficients were cal-
culated, along with stream flowrates, heat flux and overall 
temperature differences. 
- 9 -
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INSIDE FILM COEFFICIENTS 
JV 1 
STOP 
5>TEXT 
RUN NUMBER 
V37=TAPE 13 
VI =V 38-V 37 
V2=V37XI2.37 
PRINT V2,3100 
V3=V1X4.11 
PRINT V3,3100 
V4=V2X 1.08 
V4=V4XV39 
V4=V4/V40 
PRINT V4,3100 
V5=V3/V2 
V5=V5XV4 
PRINT VS,3100 
nl=2 
l)n2=nl+5 
-2,Vnl»3000 
Vn2=l/Vnl 
Vn2=LOGVn2 
Vn2=Vn2XO.0948 
Vn2=EXPVn2 
V·n2=Vn2+0.188 
-4 
2) Vn2= I/vn 1 
Vn2=LOGVn2 
Vn2=Vn2XO.03634 
Vn2=EXPVn2 
Vn2=Vn2-0.093 
4>nl=nl+l 
-1,nl;t6 
VII =V9/V7 
VII = VII X V 37'. 
VI2=VI0/V8 
VI2=VI2XVI 
VI2=VI2+Vll 
. V 1 3 = V 1 2/ V 38 
PRINT V13,3103 
V13=V12XV41 
.VI3=VI3XO.1323 
PRINT V13,3103 
V14=V42XV43 
VI4=VI4XO.1323 
PRINT V14,3103 
V 15=V44X7 .59 
VlS=VI5+389.4 
PRINT V15,3100 
VI6=VI5XVI4 
PRINT V 16,3100 
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VI7=VI3+V14 
V17=VI7Xl.8 
V17=V17XV45 
V 17 =V'17 XV46 
PRINT V17,,3100 
V18=VI3Xl.8 
V 18=V 18XV47 
V18=V18xV48 
PRINT V18 .. 3100 
VI9=V18+VI6 
VI9.=V19-V17 
PRINT V19,,3100 
V20=V45+V47 
V20=V20/2 
V20=V49-V20 
V20=V20Xl.8 
PRINT V20 .. 3103 
V21=VI9/V20 
V21=V21/0.508 
PRINT V21 .. 3100 
V22=V21XO.000397 
V22=-V22+1 
V22=V21/V22 
PRINT V22 .. 3100 
-5 
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